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PRIMARY, SOLITARY LYMPHOID TUMORS OF THE 
GASTRO-INTESTINAL TRACT 

SiiiiiLDs Warren, M D , and C R Lulenski, M D 

Boston, jMass 

mOM TIIJ t MlOnVTOmVS or I ^TIIOLOC^ OI THI COILISP IIUSTINGTON MJ MOni \L nOSPn \L, NFW J \GLV\D DFACONfSS 
AM) lONGMIU IIOSIITO.S, \M) TllF DU AHTMI NT OJ PATIIOIOD, HAIl) ADD MFDICAD SCHOOL, BOSTON, MASS 

The DisTiNCiiON between local and geneialized foims of lymphoid 
giowths IS not widely lecognized In the piesent communication we piopose 
to discuss the piimaiy, solitary lymphoid tumois of the gasti o-mtestinal 
tract ’’ 

The publication within the last few years of studies^’ ® on numbeis of 
gasti o-intestmal lymphoid tumois has been most helpful in emphasizing the 
importance of this tumoi and claiifying many of its growth chaiacteri sties 
However, the distinction between solitaiy and generalized tumors has not 
often been made and thei e has been little discussion of the i elative importance 
and behavior of the diffeient histologic types Lesions of the stomach have 
been stressed moie than those occuinng in the intestine 

Among 3,132 malignant tumois of the gasti o-mtestmal tract (chiefly 
surgically lemoved) studied m our laboiatoiies, there aie 28 (09 per cent) 
cases of solitaiy lymphoid tumors f We have discarded from our series 
sevei al other cases originally diagnosed as lymphoid tumor of the gastro-mtes- 
tinal tiact, concerning which there was some doubt as to the classification 
when they were reviewed 

Pathology — Because of the present incomplete knowledge of the pathology 
of tumors of lymphatic tissue and the consequent confusion of terms, we have 
adopted the term lymphoid tumors to indicate the gioup of primary tumors 
originating fioni the cells of lymphatic tissue 

-•■We have included one case of lymphoma of the stomach m which there were mul- 
tiple nodules of the stomach, grossly distinct, but probably representing a single tumor 

fWe are indebted to the surgical staffs of the Huntington, Pondville, and Deaconess 
Hospitals for clinical data 
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The histopathology of lymphoid tumors of the gastro-mtestmal tract does 
not differ from those of lymph nodes The absence of uniform terminology 
impels us to give a brief explanation of our classification 

We recognize four types of lymphoid tumors Malignant lymphoma, 
Hodgkin’s disease , lymphosarcoma , and reticulum cell sarcoma All but the 
last are lepiesented m our series Malignant lymphoma is composed of quite 
well-differentiated medium and small lymphocytes, with usually few mitoses 
This must be differentiated from the rare benign lymphoma which appears 
to be a true nomnvasive tumor of lymph nodes and may occur as an isolated 
nodule in the intestine, localized, usually, m the submucosa and presenting a 
picture quite distinct from hyperplasia 

Hodgkin’s disease presents a very variable picture and may be characterized 
by several or all of the following Sternberg cells , pleomorphism , eosinophilia , 
necrosis , and fibrosis In disease of long duration, fibrosis is sometimes the 
outstanding feature Steinberg cells may be so large and numeious as to 
suggest an undifferentiated caicmoma 

Lymphosarcoma is a rapidly growing tumor, the cells relatively immature, 
quite uniformly large and pale, with numerous mitotic figures Many of the 
cells resemble large lymphocytes and lymphoblasts Some of them appear to 
be reticulum cells Ignorance of the exact nature of these cells has given rise 
to much controversy The tendency now is to consider most of these tumois 
of reticulum cell origin We believe true reticulum cell sarcoma to be ex- 
tremely rare, although proliferation of reticulum cells is often present m all 
forms of lymphoid tumors Tumors that would be called reticulum cell 
sarcoma by some pathologists are grouped m our series as lymphosarcoma 
Ewing^ believes that some lymphosarcomata arise from reticulum cells, others 
from lymphocytes, and intimates that lymphosarcoma differs in behavior 
depending upon whether it arises from lymphoid cells or reticulum cells So 
far as we know, there are no clinical grounds for distinguishing between 
lymphosarcoma and reticulum cell sarcoma We should like to take issue 
with the concept that reticulum cell sarcoma is more resistant to radiation than 
other forms of lymphoblastoma Of two authorities for this statement, one® 
gives no supportive evidence and the other® piesents cases which are at best 
incomplete 

The 28 tumors presented in this paper are classified as follows thirteen 
Hodgkin’s disease, ten lymphosarcoma, five malignant lymphoma Fourteen 
of the tumors are of the stomach, eight of the large intestine, and six of the 
small intestine In 23 of these cases, the tumor was solitaiy with no evidence 
of metastasis in any other part, either local or distant , five cases had adjacent 
lymph node involvement 

The age and sex differences aie not significant The median age at the 
time of first examination was 53 years, with a range from 20 to 75 }^ears 
The ratio of males to females was 9 5 — a preponderance of males over females 
which IS present in all forms of lymphoblastoma and of gasti o-intestinal 
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malignancy as well, and piobably of no significance We will considei the 
tumors of dififeient parts of the gastro-intestmal tract separately 


Table I 

STATISTICAL S\NOPSIS OE THE SITES OF TUMORS OF THE GASTRO-INTESTINAL TRACT 


Primary, 

Solitary 



Malignant 

Lymphoid 

Percent- 

Hodgkin’s 

Lympho- 

Malignant 


Lesions 

Tumors 

age 

Disease 

sarcoma 

Lymphoma 

Stomach 

569 

14 

2 S 

6 

6 

2 

Small intestine 

53 

6 

II 3 

4 

I 

I 

Large intestine 

2,510 

8 

0 3 

3 

3 

2 

Totals 

3,132 

28 

0 9 

13 

10 
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TUMORS OF THE STOMACH 

Theie aie 14 cases of lymphoid tumois of the stomach, on 13 of which 
we have fanl}’’ complete data Most individuals had lather general complaints 
Half of the cases piesented one or moie of the following symptoms Indiges- 
tion, aiioiexia, nausea, and vomiting Three cases, presenting marked 
anemia, weight loss and blood 111 stools 01 gastiic contents when first seen, 
died two weeks, one yeai, and thiee yeais, 1 espectively, following opeiation 
Total acidity and free HCl weie slightly low m four out of six cases Occult 
blood was demonstiated m gastiic contents m three of six cases, and in one 
case a tumor, measuimg 15 cm, was accompanied by marked anemia and 
blood in stools , the patient died two weeks after opei ation 

Roentgenologic examination led to the diagnosis of cancer in thi ee cases , 
malignancy 111 four others , and benign ulcer m two cases In one, the 
roentgenographic picture was interpreted as compatible with gastritis, lymphoid 
tumor 01 carcinoma A gastroscopic examination (the only one peifoimed 
upon any of these patients) was unsatisfactory Celiotomy was performed m 
each case, and lesection of the tumor in ten, two cases were inoperable A 
biopsy was taken fiom each of these two tumors A total gastrectomy was 
performed in one case with extensive tumor Postopeiative 11 radiation was 
given in three cases 

All of the tumors were lai ge , half of them were over 5 cm , and three 
of these were over 10 cm , the smallest was 2 cm in greatest diametei Six 
of the tumors involved, piimanly, the lesser curvature, and two of them the 
greater curvature Although many of the tumors involved a laige part of the 
stomach, the proximal end was less frequently involved than the distal Two 
of the tumors extended beyond the pylorus into the duodenum Three of the 
tumors showed a slight degree of ulceration Two tumois had ulcers 2 cm in 
diameter, and three tumors had laige ulcers 4 cm , or more, in diameter 

In 1 3 cases, the regional lymph nodes were described as enlarged In only 
four of these was there histologic proof of metastasis In two cases, the 
tumor had extended beyond the limits of the stomach into adjacent omentum, 
and 111 one other case part of the wall had been completely destroyed by 
necrotic tumor 
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Seven of the 14 cases are dead, exitus occurring within a year following 
treatment in all but one case, in which an interval of three years elapsed 
between opeiation and death Tliiee of these weie inoperable A fourth case 
died one yeai after subtotal gastrectomy The tumor had perforated the 


Fig I 




Fig 2 

Fig I — Stomach — Hodgkin’s disease, diffuse type Male, age 57 
Living three years 

Pig 2 — Smill intestine — malignant lymphoma, diffuse infiltration 
Male, age 45 Living six years 


Stomach wall and extended into the gastrocolic ligament at the time of opera- 
tion, and was obviously not entirely removed Death in the fifth case, a year 
aftei opeiation, may also have resulted from extensive tumor since this is the 
only example we have of multiple nodules of lymphoid tumor in the stomach 
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liowevei, the seiosal coat ^^as smooth and lymph nodes negative at the time 
of opeiation No autopsy was peifoimed The cause of death in the sixth 
case, a male 75 }eais of age, d}mg six months folloiving opeiation, is lathei 
obsciiie, as the tumoi, w^hilc huge, Avas of matin e cell type and low histologic 
malignancy, ivilh no metastasis at the time of opeiation The tumoi was sup- 
posedly piesent at death, though this was not confiimed by autopsy Ihc 



Fir 3 — Colon — Hodgkin’s disense, discrete tjpe Male, age 59 
Died one and onelnlf jeais after first being seen 

seventh death ivas a male, 49 yeais old, who lived thiee yeais aftei excision 
of a lather extensive Hodgkin’s disease without known secondaiy growths 
The status of the tumoi at death is not knoivn 

It IS worth noting that the tumoi s in all seven cases were solitary, without 
secondaiy distant deposits, and that, although disease was supposedly present 
at death in five cases, there weie only two autopsies, and the cause of death 
111 the othei cases is not cleai The tw'-o autopsies showed the tumor still 
localized in the legion of the stomach ivith no secondary deposits 

Theie are six cases still alive, and five of them without evidence of disease, 
one, tw^o, thiee, four and nine yeais, respectively One patient is living with 
disease a yeai after subtotal gastrectomy Another patient had a tumor of 
the lesser curvature and posterioi wall (10x7 cm ) resected four years ago, 
at the age of 72 years There was no lymph node involvement at that time, 
but postoperative ladiation w^as given (1,200 r thiough two epigastiic poitals) 
Twm years later, multiple lesions weie found in the lungs which suggested 
tumor Theie was also evidence of lecuiience in the intestine In November, 
1938, six spray, high voltage roentgen ray treatments, of 30 r each, ivere 
given to the chest and to the left side of the abdomen The patient is alive four 
years following excision of the tumor, and two years since the last roentgen ray 
treatment There is no definite evidence of disease at piesent One patient, 
having had a subtotal gastrectomy two years ago, is lost 
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TUMORS OF THE SMALL INTESTINE 

There aie six cases of lymphoid tumors of the small intestine, three 
located in the ileum, one in the jejunum, and two m unspecified locations 
The symptoms were of little diagnostic import All of the tumors were in- 
vasive, and the lumen tended to be narrowed rather than dilated One of the 
patients with a lobulated tumor, apparently oiiginating at the mesenteric 
attachment of the ileum, is living without disease six years later The tumors 
weie large, measuring 5, 5, 7, 9, 15, and 18 cm in greatest diameters Two 
of the largest tumors were deeply ulcerated Thiee of the tumors had ex- 
tended slightly into the mesentery Theie were no lymph node metastases 
of any tumors at the time of operation 

Thiee cases weie resected, and are living two, two, and six years after 
operation, without evidence of disease Tumois in these cases weie diagnosed 
Hodgkin’s disease, lymphosaicoma, and malignant lymphoma, respectively 
One untreated case, seen first a few weeks before death, was extremely 
emaciated at that time and presented a large tumoi in the left upper quadrant 
Roentgenograms were negative At autopsy, the tumor mass proved to be 
Hodgkin’s type, infiltrating two adjacent loops of jejunum and forming a single, 
hollow, honeycombed mass with no secondaiy deposits m other tissue One 
patient died of peritonitis two days after resection of a tumor of the ileum 
(Hodgkin’s disease) infiltrating 7 cm of the length of the wall One patient 
with Hodgkin’s disease of the ileum is lost 

TUMORS OF THE LARGE INTESTINE 

There are eight patients with lymphoid tumor m the colon There is only 
one female m the group Three of the tumors were polypoid, arising in the 
rectum, one was located at the hepatic flexure, one involved an unspecified 
portion of intestine and had extended into the mesocolon , three tumors were 
located in the cecum , two of them large and invading adjacent tissue, and 
the third lobulated 

The tumois were much smaller than those in the stomach and small in- 
testine, the largest being 8 cm , two others 5 cm and the others smaller 

A history of clinical symptoms was available in only three cases One 
patient, a male, 59 years of age, had had symptoms for three months, occa- 
sional nausea, rare vomiting, anoi exia, and lately anemia, weakness, progressive 
weight loss (25 lbs ) , with constipation and recent obstipation The tumor 
was firm, lobulated, annular, 5 cm in diameter, with no ulceration There 
was no extension into the serosa Adjacent lymph nodes were involved by 
tumor An intussusception of the ileum through the valve had occurred 
The patient died two years latei No autopsy was performed but the tumor 
was said to be present Another patient, a 23-year-old male, with lymphoid 
tumor of the cecum, had had mild symptoms for one year, nausea and occa- 
sional vomiting, with right lower quadrant pain, and a palpable mass for six 
months At operation, at another hospital, a supposedly inoperable tumor of 
the cecum was found and a colostomy performed The microscopic diagnosis 
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of a biopsy was anaplastic cai cinoma ” A few months later the tumor was 
excised at Pondville Hospital, and it pioved to be a lymphosarcoma The 
tumoi, 5 cm in gieatest diameter, appeared quite superficial, extending only 
slightly into the muscle There was shallow ulceration Enlaiged regional 
lymph nodes, found at opeiation, were hyperplastic and not invaded by tumor 
The patient is now alive and well, without disease five years after operation 
The third patient, on whom we have clinical data, had been treated for 
the past II years foi duodenal ulcei The immediate indication for investiga- 
tion was the appeal ance of tariy stools for six months A small polyp, i cm 
111 diameter, was excised from the internal rectal sphincter, followed by 
1 oentgenotherapy The tumor was a typical lymphoid tumor, classified as 
“malignant lymphoma ” The patient is living, without disease four years later 
One othei patient with polypoid tumor of the rectum (Hodgkin’s disease), 
3 cm in diameter, is alive without disease two years after excision The third 
case of polypoid tumor of the rectum (lymphosarcoma), 3 cm in diameter, 
IS lost Anothei case is lost, that of lymphoid tumor of the hepatic flexure 
(Hodgkin’s disease), measuring 8 cm m diameter The last case was a large 
(size not known), ulcerated, annulai tumor o fthe cecum (lymphosarcoma) 
The patient, a 20-yeai'0ld male, died six months after operation, and the 
autopsy revealed a tumoi extending thiough the retiocecal legion into the 
light kidney and invading the pancieas and peripancreatic nodes 

Aside fiom two patients with polypoid lymphoid tumors of the rectum, 
theie IS only one patient known to be alive, this patient is without disease 
five years after light colectomy 

Discussion — The foiegomg statistics indicate that neither the type of 
lymphoid tumor noi the location causes any significant variation from the 
average prognosis The aveiage survival was 2 5 years One patient has 
been living ovei a year, with disease present Ten patients are alive for 
periods of one to nine years postoperatively, with no evidence of disease 
Among these there are thiee five-year cures 

From a leview of this group of 28 cases, few conclusions aie possible 
which would help m establishing the clinical diagnosis of lymphoid tumors 
But there are a few considerations which suggest that a given tumor may 
be of lymphoid type One of the most impoitant is the 1 datively good con- 
dition of a patient piesentmg a large tumor Patients with carcinomata as 
extensive as the majoiity of the solitary lymphoid tumors, usually piesent a 
striking picture of debility This is paiticulaily tiue of lymphoid tumors of 
the stomach Those in the intestine may cause early, geneial symptoms 
1 elated to anemia In the stomach, the diagnosis must be suspected whenever 
a large tumor is accompanied by ulcer-like symptoms and vomiting of nonob- 
structive type Hematemesis from a tumoi 111 a young peison may also be 
suggestive In only one of our cases was lymphoid tumoi considered in tlie 
differential diagnosis, with carcinoma and gastiitis as alternatives Two of 
out lymphoid tumors of the stomach were thought to be simple ulcers, fiom 
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the roentgenogi ams Theie are no loentgenologic features diagnostic of 
lymphoid tumois and, as a lule, roentgenogi ams are helpful only insofai as 
they point to a tumor But ceitain aspects aie peitment In a typical in- 
stance, the stomach shows a slightly raised tumor, neither annular nor con- 
stricting, with a cential, supeificial ulcer Large hypertrophic rugae in the 
stomach, eithei with or without a filling defect, may suggest the disease 
The small intestine usually shows an encii cling giowth which may cause 
either enlaigement oi diminution of the lumen m the affected part Special 
technics aie useful in assuiing a more complete study of small intestine than 
IS ordinal ily attainable '' 

Gloss Pathology — The gioss appeaiance, on the other hand, is often 
quite well-defined Lymphoid tumors, in whatever pait of the body they 
may occui, giow along lines of least lesistance, to an extent not seen in other 
malignant giowths As a lesult, tissues are separated along cleavage planes, 
thus accentuating diffeient stiuctures, such as mucosa, submucosa, and mus- 
CLilans, and producing fan ly uniform, diffuse enlai gement of the part invaded 
It IS only latei, when the growth is moie exubeiant, and noimal bariiers aie 
bioken down by piessuie of the piolifeiating tumor cells, that structures aie 
obhteiated and necrosis occui s There are two mam types of growth seen in 
lymphoid tumois (i) Diffuse growth involving a laige part of an organ, 
causing faiily unifoim, diffuse thickening, sometimes with discrete tumors 
heie and theie, with oi without ulceiation, and (2) a large solitary tumoi, 
with usually deep ulceration or lather cavitation Raiely, polypoid forms of 
the tumor aie seen 

The serosa is not invaded 01 distoited by lymphoid tumoi, except in laie 
cases when the tumor is A^eiy laige An extensive tumoi, which does not 
gieatly distoit the oigan 01 involve the serosa, is very likely to be of 
lymphoid natuie 

Lymphoid tumors, usually, are succulent and more resilient than most 
carcinomata, although Hodgkin’s disease may present a very firm, fibious 
stiucture They aie raiely lecognized when they aie small, and when first 
obseived are usually much larger than carcinomata 

Othei lesions having gross features 111 common with lymphoid tumors aie 
Diffuse carcinoma simplex, leiomyoma and leiomyosarcoma, and a diffuse 
inflammatory change such as cicatrizing enteiitis and syphilis of the stomach 
Diffuse carcinoma simplex, fairly commonly seen in the stomach but raie 111 
other paits of the intestinal tract, may cause a uniform thickening of the wall, 
separating without distoiting the structural units in a manner similar to that 
of lymphoid tumors with the difference that this type of carcinoma produces 
a rigid, coiiti acted organ, and is frequently mucus-secreting 

Most inflammatory conditions are easily distinguished fiom lymphoid 
tumors, but cicatiizing enteritis (legional ileitis) may cause a diffuse, uniform 
thickening without loss of stiucture Diffuse gastritis, especiall)’’ of syphilitic 
01 igm, may, similarly, be confusing to diff ei entiate 

9 



WARREN AND LULENSKI Annals of Surgerv 

Januarj 1942 

The laige, globular, lymphoid tumors may resemble leiomyoma or leiomyo- 
sarcoma The benign and malignant forms of smooth muscle tumors are 
raiely seen m the gastro-mtestinal tiact, but aie somewhat more common in 
the stomach than elsewheie They usually present as a discrete, rounded, 
lesihent tumor, either intrinsic in the wall oi pedunculated toward the mucous 
or serous surface Even when the histologic structure is that of a fairly 
malignant tumoi, the growth tends to be delimited rather than invasive 
Necrosis and ulceration aie the usual signs of malignancy and rapid growth 
The lymphoid tumors, though expansile, do not often become pedunculated 
It IS impoitant to determine whether or not the tumor is part of a 
generalized disease This is a moie important problem m the small bowel, 
where secondary, lymphoid tumors are more commonly found The most 
helpful consideration is the infrequency of secondary tumors m the small bowel 
without large metastases in either the mesenteric or retroperitoneal lymph 
nodes Secondary lymphoid tumors are less common in the stomach and 
large bowel, and piactically never reach the size of the usual primary, lymphoid 
tumor 

Tieatvient — All of our cases were treated, primarily, by surgical excision, 
all but three being removed at operation, one of these was inoperable, the 
tumor was biopsied and irradiated Two patients died without therapy, but 
biopsy was taken m one of these cases Two cases of lymphoid tumors of the 
stomach received postoperative roentgenotherapy, and are living and well, 
without disease three and four years aftei treatment Both were Hodgkin’s 
type Because of the uncertainty in the diagnosis of lymphoid tumors, either 
with or without biopsy, excision is the treatment to be preferred Post- 
operative irradiation may be definitely beneficial for those tumors which cannot 
be completely removed In the literature, there are reports of at least nine 
four-year cures by irradiation alone ® This suggests that this therapy may 
assume greater importance in the future, ® m spite of certain dangers in 
radiation of tumors involving a hollow viscus 

Dtscii<!swn — Solitary, lymphoid tumors of the gastro-mtestinal tiact are 
of not infrequent occuirence and should be considered m differential diagnosis 
It may be useful to compare these tumors with solitary, lymphoid tumors 
arising primarily in other regions Lymphoid tumors of the skin, without 
evidence of lymph node or oigan involvement, have long been recognized 
and often classified under the broad descriptive term of “mycosis fungoides 
These tumoi s in the skin may be the first manifestation and sole evidence of 
disease for many years The majority of the patients that come to autopsy 
have similar tumors involving either lymph nodes or organs 

Lymphoid tumors of the bone of the reticulum cell type have been de- 
scribed with increasing frequency during the past ten 3'ears In cases re- 
ported by Parker and Jackson,^- and in cases reported by Simmons,^® secondary 
foci of tumor have developed in only a few cases after several years of 
observation 

Whether the tumor is in the skin, bone, or gasti o-intestinal tract, the dis- 
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tinction must be made between the tumois which aie piimaiy and remain 
sohtaiy for some time, and those m which the hist evidence of disease happens 
to be a local piocess m these tissues, soon to be followed by geneiahzed 
disease 

In studies of a small senes of cases of sohtaiy, lymphoid tumois, in skin, 
bone, 01 gastio-mtestmal tiact, one has the impiession that these tumois have 
a relatively benign com se m contrast to othei forms of malignancy m the same 
locations, and as against geneiahzed lymphoid tumois Opeiative lemoval 
fiequently lesults m cuies for five to 15 yeais But theie aie, as yet, too 
few lepoited cases for any volume of statistics to have accumulated fiom 
which one may diaw conclusions The average duration of life of our 28 
pi imary lymphoblastomata of the gasti o-mtestmal ti act is 2 5 yeai s, com- 
paiable to thiee yeais, lepoited by Madding and Walteis^ The life ex- 
pectancy foi geneiahzed lymphoid tumois is two yeais, as reported by 
Nathanson 


SUMMARY AND CONCLUSIONS 

In a series of 3,132 malignant lesions of tbe gastro-mtestmal tract there 
are 28 cases of pnmaiy, sohtaiy lymphoid tumors, an incidence of 0 9 
per cent 

The chai acteristics of these tumois have been consideied from the point 
of view of clinical symptoms, tieatment, and outcome, and the gross and 
mici oscopic pathology 

These tumois remain solitary for many yeais, and may reach a large size 
befoie causing distuibing symptoms 

Metastasis to regional lymph nodes and extension into adjacent tissue 
occui late in the disease, if at all 

The behavior of primary, sohtaiy lymphoid tumors m the gastro-mtestmal 
tiact IS not unlike that of similai tumors m bone and skin 

In this senes, the piognosis foi the solitary form is but little better than 
for geneiahzed lymphoid tumors, but in many cases long survival periods and 
possibly complete cures have been obtained by adequate treatment 
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RUPTURE OF THE COLON BY COMPRESSED AIR 


REPORT OF THREE CASES 

Roswell K Brown, M D , 

Buffalo, N Y 
AND 

J H Dwinelle, M D , 

Auburn*. N Y 

FROM TIIL SFRMCI- OF DR J\MFS U LF\MS, MOSES TWLOR HOSl IT VL, L \.CK ^^\ \ 1 

Compressed air came into lather general use in industry at about the 
beginning of the twentieth centui}'- In 1904, Stone^ repoited a fatal case 
of ruptuie of the bowel caused by compressed air mtioduced per lectum fiom 
a machine which was pumped by hand In 1908, Petien^ wiote about a case 
of fatal lupture of the esophagus fiom accidental 01 al insufflation In 1911, 
Andiews^ leported a case of pneumatic luptuie of the sigmoid colon which 
lecoveied following lesection of the injuied loop He also discussed the sub- 
ject quite completely and lecorded 15 other cases collected by correspondence 
and from law reports Later m the same year, Lenormant^ reviewed the 
pievious papers and discussed the subject editorially in the Pi esse Medicale, 
of Pans The following year, Cotton^ reported the recovery of a case of 
peifoiation of the ascending colon — he established a tempoiaiy colostomy at 
the site of the perforation and lepaired seveial rents in the serous and muscular 
coats of other portions of the colon In 1914, Bendixen and Blything® re- 
ported another recovery — a case of pneumatic ruptuie of the transverse colon, 
and gave biief notes on seven collected cases which were fatal Buchbmder’’’ 
reported a fatal case in 1921 

There have been a number of moie recent publications on this subject 
Table I gives a brief summary of cases of complete rupture of the bowel 
from compressed air that we have found in a rather thorough search of 
the literature * Hays^^ was apparently the first American authoi who was 
aware of Stone’s original contribution BurP*^ found that under experimental 
conditions the human colon bursts with only about 4 lbs pressure, and that 
the serous and muscular coats tear first at about lbs piessure Table II 
summaiizes cases of incomplete ruptuie of the bowel These two tables, 
and our bibliography, are arranged according to dates of publication Our 
three cases illustrate vaiious degrees of severity of bowel injury from com- 
pressed air 


CASE REPORTS 

Case I — Dr James H Lewis Complete Rupture of Transverse Colon with Alarked 
Abdominal Distention H Z, white, male, age 21, was admitted to the lotoses Tajlor 

*Data on two cases of Fauquez (BurF®) , one of Houzel (BurP°), and one of 
Semerikov“° are not included 
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TABLE I 

PNEUMATIC BOWEL PEREORATION 
Treatment 






Pounds 

Press- 

Opera- 

Time 

After 


No 

Author 

Year Age 

ure 

tion 

Injury 

Site of Perforation 

I 

Stone 

1904 

17 

20 

Yes 

(trochar) 

Sigmoid 

2 

Andrews 

1910 


60 

Yes 

S hrs 

Sigmoid 

3 

(i) Fletcher 

1907 

36 

70 

Yes 

4)4 hrs 

Sigmoid 

4 

(2) Tilney 

1907 

21 

— 

No 


— 

S 

(3) (Curne) 

1906 


1 

0 0 
0 

M 

Yes 

? 

— 

6 

(4) (Ballard) 

1908 

— 


No 


— 

7 

(s) Boughton 

1910 

39 

— 

Yes 


Sigmoid (3 places) 

8 

(6) Stevens 

1910 

20 

— 

Yes 

9 hrs 

Splenic flexure 

9 

(7) Sherman 

— 

— 

— 

No 


— 

10 

(8) (Banquet) 

— 

25 

— 

No 


Rectum (2 places) 

II 

(9) (Kaseberg) 

1908 

22 

— 

No 


Rectum 

12 

(10) (Borgan) 

1906 

25 

— 

No 


Rectum 

13 

(ii) (Jaworski) 

1905 

47 


Yes 


Sigmoid 

14 

(13) Burry 

1907 

20 

125 

Yes 


Colon (3 places) 

IS 

(15) Godfrey 

1908 

19 

80 

No 


Upper end sigmoid 

16 

Cotton 

1912 

— 

— 

Yes 

3 hrs 

Ascending colon 

17 

Bendixen &. Blythmg 

1912 

20 

100- 

125 

Yes 

2 hrs 

Transverse colon 

18 

(i) (Orth) 

1908 

— 

— 

Yes 


— 

19 

( 3 ) (Dagenais) 

1906 

15 

— 

Yes 

4 days 

Sigmoid 

20 

(s) (Denney) 

— 

— 

— 

No 


— 

21 

(6) Groman 


IS 


Yes 

After 

trochar 

Near cecum 

22 

(7) Mecray 

1913 

17 

10 

No 


Colon (8 places) 

23 

Buchbmder 

1920 

— 

8 s 

Yes 


Sigmoid (gangrene) 

24 

Jean (i) 

— 

— 

— 

Yes 

4 hrs 

Rectosigmoid junction 

2 S 

(2) 

— 

— 

— 

Yes 

2)4 hrs 

Sigmoid 

26 

Hailes 



— 

— 

Yes 

19 hrs 

Colon 

27 

Sparkman 

1022 

— 

— 

Yes 

(centesis) 

3 hrs 

Sigmoid 

28 

Block & Weissman 

1925 

45 

125 

Yes 

S )4 hrs 

Sigmoid 

29 

Hays 

1923 

30 

95 

Yes 

I hr SO 

min 

Rectum 

30 

Patterson 

1930 

— 

— 

Yes 


Hepatic flexure 

31 

Burt (i) 

— 

49 

2 

Yes 


Iliac (old colitis) 

32 

(a) Shoudy 

1927 

— 

— 

Yes 


Many 

33 

(b) Shoudy 

1916 

— 

— 

No 


— 

34 

(c) Shoudy 

1927 

— 

— 

Yes 


— 

35 

(2) Moorehead 

1928 

37 

— 

Yes 

25 hrs 

Sigmoid (3 places) 

36 

Ide 

T93O 

— 

— 

Yes 

3 hrs 

Sigmoid 

37 

(I) L P 

— 

12 

— 

Yes 


Rectum sigmoid and 
descending colon 

38 

(2) 

— 

— 

— 

Yes 


Lower end of sigmoid 

39 

( 3 ) 

— 

— 

— 

No 


— 

40 

( 4 ) C R 

1920 

— 

— 

No 


■ 

41 

( 5 ) 

1918 

16 

— 

? 




42 

(6) Nilsson 

1926 

— 

— 

No 


• 

43 

(7) 

1914 

21 

— 

Yes 


— 

44 

(8) 

— 

— 

— 

No 


■ 

4 S 

(10) Wainwright 

— 

— 

90 

Yes 

6 hrs 

Loud explosion 

46 

(II) 

— 

— 

— 

Yes 


Sigmoid 

47 

(12) 

— 

— 

— 

Yes 

(centesis) 



48 

(13) 

— 

— 

— 

No 


■ 

49 

(14) 

— 

— 

— 

No 


■■ 

SO 

(IS) 

1936 

— 

— 

No 




SI 

(16) Mr P 

— 

— 

— 

No 


— 

S3 

(17) A L 

— - 



? 

14 


Colon 
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Result 

Died 

Recovered 
Recovered 
Died, third day 
Died 

Died 

Recovered 

Died 

Died (autopsy) 
Died (autopsy) 
Died (autopsy) 
Died (autopsy) 
Died (autopsy) 
Died (autopsy) 
Died (autopsy) 
Recovered 
Recovered 

Died 3 hrs 
Died (autopsy) 
Died 
Died 

Died (autopsy) 
Died (autopsy) 
Recovered 
Recovered 
Died 

Recovered 

Recovered 

Recovered 

Recovered 

Died 

Recovered 

Died 

Recovered 

Recovered 

? 

Died 

Died 

Died 

Died 

Died 

Died 

Died 

Died 

Recovered 
Recovered 
Died, shrs 

Died, 24 hrs 

Died 

Died 

Died 

Died 



Volutno 115 
Number 1 


PNEUMATIC RUPTURE OF BOWEL 


No Author 

53 (i8) 

54 (i9) J H 

55 ( 20 ) 

56 (21) 

57 (23) Cereal 

58 (24) 

59 (25) 

60 Ritchie 


Table I {Continued) 
Treatment 



Pounds 

Press- 

Opera- 

Time 

After 

Year Age 

ure 

tion 

Injury 

191S — 

— 

No 


191S — 

— 

? 


1920 — 

— 

7 


1936 — 

90 

Yes 



? 

? 

? 

Yes 6 hrs 


Site of Perforation Result 

Rectum Died 3 hrs 

Died 

Colon Died, 8 days 

Died dunng 

operation 

Died 

Sigmoid Died 

Died 

Sigmoid Recovered 


Table II 

PNEUMATIC BOWEL INJURT WITHOUT PERFORATION 

Lbs Alt 



Author and 



Press- 

Treat- 



No 

Case Mark 

Date 

Age 

ure 

ment 

Pathology 

Result 

I 

Andrews 





Colon ruptured entire length except 

Died 


XII Kahlke 

1906 

20 

— 

Operation, 

for I or 2 narrow bands Mucosa 







18 hrs 

was not perforated 


2 

XIV Burry 

1908 

— 

— 

None 

Insufflation with live steam 

Recovered 

3 

Bendixen &. Blythmg 








(Orth) 

1913 

16 

8s 

None 

Returned to work shortly 

Recovered 

4 

(Kay) 

190S 

— 

— 

None 

Recovery rapid and complete 

Recovered 

5 

Schwartz 

1922 

— 

20-70 

Operation, 

No perforation found but serous and 

Recovered 






6 hrs 

muscular coats of large intestine 
were lacerated 


6 

Morns 

1923 

— 

60-65 

Operation 

Mucosa bulged through 7-mch tears 

Recovered 







on each side of cecum Sigmoid 
had a number of small tears, but 
mucosa not ruptured 


7 

Ide 

1929 

— 

— 

None 

Not senous, returned to work in 10 

Recovered 


IX 





days 


8 

XXII 

— 

— 

— 

None 

Injuries minor No disability 

Recovered 

9 

Neese 

1936 

42 

75 

Operation 

Multiple areas of herniation of mu- 

Recovered 


cosa of descending colon and sig- 
moid — due to tearing of serous 
and muscular coats No perfora- 
tions 

Hospital, Apiil I, 191S He had collapsed immediately after air was released from a 
nozzle which was held against the seat of his trousers At the time of admission he was 
in profound shock Temperature, by mouth, 96® F , pulse 92, respirations 26 The abdo- 
men was maikedly distended, liver dulness to percussion was absent The lower ex- 
tremities were blue and cold There was a piotrusion at the anus, and prostatic secre- 
tion was noticed at the urinary meatus A rectal tube was inserted but no air escaped 
Vomitus was fecal 

Opeiaiion — About two hours after the injurj”- Under general ether anesthesia, a 
midline incision above and below the umbilicus was made The skm and underlying 
tissues retracted widely When the peritoneum was opened there was a sudden deflation 
The pelvis contained a biowmsh-red fluid There were several tears through the serous 
and muscular coats of the transverse colon and in its midportion there was an opening 
through the mucous layer about one inch long Both the ascending and descending colon 
had been loosened from the parietes in places, at the iliocecal junction there was an 
ecchymosis thiee inches in diameter The small intestines contained air and the gall- 
bladder was distended with air, being three and one-half inches long and one and one-half 
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inches in diameter The perforation was sutured, the peritoneal cavity was sponged 
grossly clean, drains were inserted, and the wound was closed 

The postoperative course was stormy A fecal fistula developed, which closed spon- 
taneously The patient left the hospital in good health 90 days after the accident 

Case 2 — Dr James H Lewis Incomplete Ruptures of Rectum and Sigmoid Colon 
J B , white, male, age 40, was admitted to the Moses Taylor Hospital, August 6, 1916, 
complaining of abdominal pain and vomiting, which occurred immediately after his fellow 
workmen released the compressed air against his anus Temperature 968° F, pulse 74, 
respirations 20 He seemed to be m great pain and was dazed There was slight rigidity 
in both lower quadrants of the abdomen , but there was no bulging or distention 

Opejatwn — Six hours after injury Under general ether anesthesia, an incision 
was made in the midline below the umbilicus There was no noticeable escape of air 
when the peritoneum was opened There were five tears in the serous and muscular 
coats of the sigmoid colon, and one of the rectum , but no perforation in the mucosa 
was discovered These tears were sutured and the abdomen was closed A rectal tube 
was inserted The patient made an uneventful recovery and was discharged from the 
hospital 30 days after the injury 

Case 3 — Drs Brown and Dwmelle Complete Rupture of Sigmoid Colon, without 
Abdominal Distention W R , white, male, age 24, was admitted to the Moses Taylor 
Hospital, July 29, 1939 The patient had a tear along the seam of his trousers on the 
medial aspect of his thigh, into which a fellow workman, jokingly, had directed the 
compressed air jet He felt some pain in the upper part of the abdomen and had to 
sit down because of w'eakness In a few' minutes he felt better, changed his clothes and 
walked to the dispensary Temperature 99“ F, pulse 88, respirations 20, blood pressure 
120/84 At this time he had practically no pain There was no distention of the abdomen, 
there was no rigidity, and only slight tenderness just above the symphysis pubis There 
was no area of dulness to percussion in the region of the liver A roentgenogram of 
the abdomen m the erect position showed air between the diaphragm and the liver 
(Fig I) 

Opetaiwn — Four hours after the injury Under general ether anesthesia, a low' 
left rectus incision was made The peritoneum was opened beneath sterile saline solution , 
air bubbled out as soon as the peritoneum was incised There was a little blood mixed 
w'lth fecal material in the pelvis An irregular stellate rupture about two inches long 
in the lower part of the sigmoid flexure w'as sutured w’lth silk w'lth considerable difficulty 
A rectal tube was guided up past the site of injury, cigarette drains were placed on 
either side of the injured bow'el, and the abdomen w'as closed in lajers A fecal fistula 
developed which closed spontaneously 24 daj's after the accident The patient left the 
hospital in good health on the 58th daj' 

Pathogenesis — 'This accident is not uncommon, because the public is not 
aware of the fact that a compressed air jet is a lethal weapon All the victims 
were males, between the ages of 12 and 49 Many cases aie due to pranks, 
but not all of them Workmen should never dust off their clothes with com- 
pressed air 

The jets that are used in industry are usually said to have a pressure of 
from 50 to 100 lbs or more The nozzles are pipes one-quarter to one inch 
in diameter, sometimes the rubber hose is used without a nozzle Usually 
one thinks of these jets in terms of experience with visible streams of water 
from a nozzle, but the gaseous jet differs m that it is elastic and expands in 
all directions, adapting itself to surroundings, bending and twisting and causing 
eddy currents 
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Such an an jet enters the anus moie readily than the examining fingei 
or a pioctoscope, as it passes thiough clothing and enters the bowel even 
when not accuiately diiected at the anus, as in Case 3 It has been sug- 
gested^ that the thighs, buttocks and perineum foim a funnel which delneis 
the stieam of an to the anus Gases undei piessuie pass thiough small apei- 
tuies very lapidly Compiessed air has been known to entei a hangnail 
accidentally and pioduce signs suggestive of gas gangiene of the hand and 
foieaim 



Fig I — Case 3 Preoperative roentgenogram, sitting up Shows gas 
beneath the diaphragm 


Ruptuie of the intestine peihaps depends moie upon the suddenness of 
the piessuie than upon its amount, for the bowel will expand enoimously if 
given time to lelax Duval (quoted by Burt’'®) obseived great dilatation of 
the colon in a deianged patient who inflated himself by means of a hand 
bicycle pump Opeiation was peifoimed m error, with a diagnosis of mega- 
colon, and no abnormality was found 

Apparently the muscularis mucosae adapts itself more readily to sudden 
changes m tension than the outer musculai coats of the bowel Rents in the 
muscle, usually along one of the longitudinal bands, with the undei lying 
mucosa intact, have been observed in many cases Case 2, and at least some 
of those listed in Table II, illustrate the occunence of these incomplete lacera- 
tions without any associated complete peifoiation The inner mucosal tube 
balloons out through the split outer muscular tube, like the “blo\\-out” of a 
pneumatic tiie The bursting defect m the inner tube is usually smaller than 
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the rent in the outei tube, it may retract beneath the edge of the outer tear 
When there are multiple lacerations, complete ruptuie through all the layers 
IS usually found in only a few, peihaps in only one of them The most com- 
mon lesion IS a complete perforation at the angulation where the sigmoid 
colon joins the rectum, as in Case 3 

Figuie 2 shows the appioximate distribution of peiforations in 32 cases 
Autopsy lecords of some of the cases m Table I indicate that the injury 
destroyed the blood supply of segments of the colon (Buchbinder'^) , but this 
seems to be lare Tearing of the ascending and descending colon from 
parietal attachments, as m Case i, has been observed in a number of cases 
The entiie intestinal canal may be filled with air It is difficult to understand 
how the air got into the gallbladdei in Case i Subcutaneous emphysema of 
the trunk occuis when the distention is great 

Diagnosis — The history in these 



Fig 2 — Schematic draw ing show mg the 
approximate location of 38 perforations in 32 
cases Two cases each, had three perforations 
in the sigmoid colon One case had two per 
forations in the sigmoid colon Twenty nine 
cases had single perforations 

Mecray s case (Bendixen and BlythingO), 
in which “the colon was ruptured in eight 
places ” and others not definitely described as 
to location are not included in the drawing 


cases has often been obscured by lan- 
guage difficulties, and by attempts to 
conceal the facts Theie should be no 
difficulty in diagnosis from the history 
alone, when properly elicited Ab- 
dominal pain IS immediate, perhaps 
most severe in the upper part of the 
abdomen, radiating to the shoulders 
The patient is usually prostrated In 
the more severe cases, there is enor- 
mous ballooning of the abdomen, with 
cyanosis resulting from embarrassment 
of respiration and circulation Sub- 
cutaneous emphysema of the trunk 
may be present The uniformity of the 
tympany over the entiie abdomen has 
been considered diagnostic 

When the distention is not great, 
the pain in the upper part of the abdo- 
men may disappear, leaving the patient 
quite comfortable until local pain in the 


legion of the perforation develops, as in Case 3 In this case, obliteration of 
the hvei dulness was the only positive physical sign Roentgenograms taken 
with the patient erect show the gas between the liver and diaphragm (Fig i) 
Tieatment — When distention is great, immediate paracentesis should be 


performed The general condition may improve remarkably aftei simple 
relief of intra-abdominal piessure, even moribund patients may rally suffi- 
ciently to warrant celiotomy To illustrate the tension that may be present 
we will quote Wainwright (Ide^'^) “When the peritoneum was opened theie 
was a loud escape of gas under high piessure, almost as loud as the report 
of a small automobile tire ” Buchbinder’s" description is also of interest in 
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this detail “The tiansversahs fascia was not incised but sharp-nosed foiceps 
were pushed thiough in order to contiol the escape of air The fascia imme- 
diately toie like wet paper under gieat tension, the air rushed out with a 
report, and the abdominal wi-all diopped m The sudden escape of an neaily 
proved fatal, but aftei a few moments the patient rallied, and his geneial con- 
dition seemed much impioved ” 

Rectal tubes aie of no avail Enemata aie of course very haimfnl 
Ritchie’s^^ case was given a soapsuds enema and then a tuipentine enema at 
home before a doctor was called The fluid was lemoved fiom the peiitoneal 
cavity , the lent m the sigmoid was lepaiied — and the man lecoveied 

Opeiation should be peifoimed as soon as possible The incision should 
be laige enough for exposure of all of the colon The defects m the bowel 
should be closed as quickly as possible Resection is of course necessary w hen 
the blood supply of the bowel has been destroyed by the injuiy Usually, 
simple suture of the lent is sufficient, but it may be difficult because of tlic 
niegular shape of the bui sting laceiation, and because the tear in the mucosal 
layer does not coi respond accui ately to that of the muscular layei s Drainage 
is usually advisable, not only because of the contamination, but also because 
of doubt as to the adequacy of the closure of the bowel Colostomy and 
entei ostomy have been peifoimed If the peiforation is at oi neai the sig- 
moid flexuie, it IS better to have a long soft rectal tube inserted wdiile the 
abdomen is still open, and guide it past the site of mjuiy The postoperative 
caie IS that of any other potential peritonitis case 

Prognosis — Many of the cases listed in the hteratui e are of little value for 
statistics because insufficient mfoimation is given Table III summaiizes the 
lesults of treatment Recovery is usual when only the serous and musculai 
coats aie tom How^ever, most of the cases had one or more complete peifoia- 
tions, in this laiger group the prognosis is grave unless an adequate opeiation 
IS pel formed within a few hours 


TABLE III 

RUPTURE or COLON PROM COMPRESSED AIR 



Result 

Recov- 


Mortality 


Unknown 

ered 

Died 

Percentage 

Incomplete Rupture 





(Operative cases only) 





Our case i^2 and 4 cases from the 





literature 


4 

I 

20% 

Complete Perforation 





Our cases **'iand 1^3 and 60 cases 





from the literature 

I 

19 

42 

69% 

Treatment unknown 



7 


Without operation 


0 

21 

100% 

With operation 

I 

19 

14 

42% 


CONCLUSIONS 

Pneumatic ruptuie of the colon is produced by a jet of compressed air, 
wdiich readily passes thiough clothing and enters the anus Perforation 
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occurs at the rectosigmoid angle or, less frequently, at some other flexure 
of the colon Rarely, only the serous and muscular coats of the bowel are torn 

The diagnosis may be made on the basis of the history alone, or by the 
physical signs alone Absence of hvei dulness may be the only important 
early physical finding Roentgenologic examination m the erect position, m 
order to demonstrate air between livei and diaphragm, is a valuable aid in 
doubtful cases 

When distention is great and respiration is embairassed, paracentesis 
should be performed immediately Early celiotomy with appropiiate repaii 
offers good hope of lecovery 
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CONGENITAL MALFORMATIONS OF THE APPENDIX— 

A FAMILIAL DISEASE 

T McKean Downs, M D 
Bkin Mawr, Pa 

Assistant Surgeon to the Pennsi l,\ ania, Germantown vnd Brtn M\wr Hospitals 

The FREQUENi OCCURRENCE of appendicitis in membeis of the same famil)^ 
IS known, and has been lemarked by numerous authors ^ Probably 

every physician knows, at first hand, of one or more families m which pluial 
appendicectomies have been performed 

Baker,® and also Miss M L Nutt, submit seveial pedigiee charts of 
families who have been subjected to many appendicectomies Discussing this 
matter editorially, the Journal of Heredity states “Genetic diffeiences m 
lesistance to bacterial infection, a peculiar configuration of the appendix, oi 
other factois about which we at present know nothing, probably constitute 
a predisposition towaid inflammation of the appendix The result, when 
expressed m a pedigree chart, resembles what we get m the mheiitance of 
a definite moi phologic or physiologic difference, but the chain of events leading 
up to the ‘expression’ of the ‘charactei’ has at least one more link of ciucial 
importance — an environmental trigger-stimulus of some kind ” 

If congenital anomalies of the appendix are ti uly a cause of symptoms and 
offer a piedisposition to acute inflammation of the organ, this familial inci- 
dence IS logical Individual peculiarities of visceral organs ought to be as 
heritable as peculiarities of feature or complexion, or even of blood groupings, 
which have been shown by von Dungern and Hirschfeld’^ to be inherited 
Nicholson^ has shown convincingly that mechanical defoimities of the 
appendix are responsible foi much ill health, poor nutrition and poor develop- 
ment m children He also claims that many cases of appendicitis m later life 
can be traced back to childhood or infancy if a careful history is taken The 
infeience is that theie is often a congenital fault In my own experience, 
also, it had been common to find that the acutely inflamed appendix has been 
previously crippled by congenital bands or kinks, which may paitially obstruct 
the lumen 

It seems of interest, theiefore, to review the history of a family consisting 
of 22 individuals, repiesenting one man and his descendants to the third genera- 
tion, 111 whom appendicectomy has been performed m i6 instances In every 
individual who has come to operation, the same defoimity of the appendix has 
been found , and it seems likely that this deformity has been at least a pre- 
disposing cause of the disease 

The family studied includes N6 i, his six children and fifteen grand- 
children N$ I, four of the six children, and eleven of the fifteen grand- 
children have been operated upon 
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Individuals are distinguished in this study by their initials, the conventional 
sex symbol, and a numeral to distinguish wdiether they belong to the first, 
second or third generation, these symbols aie used in the attached chart 

N ^ I, as far as known, had a healthy childhood and youth No particular illnesses 
are remembered , on the contrary, he was strong and robust All his immediate family 
had lived to a ripe old age, several surpassing 90 years His sister, his brother, and his 
brother’s four children have likewise had no appendiceal troubles , neither has there been 
any such in his wife or her family The congenital mechanical fault that is found in so 
many of N ij I’s immediate descendants, and apparently inherited, seems to have been pres- 
ent in N ^ I himself 


NC?! 



This man, a physician, began around the age of 35 to have mild attacks that he diag- 
nosed himself as appendicitis But, in 1906, appendicectomy was not usually undertaken 
lightly, so for some years nothing was done Finally, when he was about age 45, he was 
operated upon His appendix was sharply kinked at the base by a band of fibrous tissue, 
which bound it to the outer side of the cecum — ^this is the deformity that has been found 
in every one of his children and grandchildren who have been operated upon The opera- 
tion was followed by complete relief of symptoms and freedom from the attacks of abdomi- 
nal pain and vomiting, until his accidental death a few years later 

Though N 5 I was the oldest of the family, he was not the first to require operation 
Already, some years earlier, his fourth child, W $2, had been hurried to the hospital, 
and operated upon for acute appendicitis The records of this illness were very poorly 
kept, but the boy ran a high temperature for ten days, and was in the hospital three 
weeks, leaving for home by ambulance He finally made a perfect recovery 

No more surgery was necessary in the family for ten years or so During this time 
N ^ 2 often confided to his brother, a medical student, that he had a good deal of indiges- 
tion, with pain in his abdomen, from time to time, when a point of tenderness could 
usually be found at McBurney’s point However, the medical student rather feared 
ridicule if he “stuck his neck out too far,” and dared not make the diagnosis of subacute 
appendicitis, which now seems obvious Nothing was done He was admitted into the 
Air Service in the first World War, serving under the command of Major Fiorello La 
Guardia, and was killed at the front, with his appendix still in stiu naturahs 
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Aftei the war, the next beneficiary of surgery was M S 2, who, a physician like his 
father, also made his own diagnosis This was an acute attack of appendicitis, and had 
not been preceded by anj^ prodromal symptoms However, the appendix was acutely 
inflamed, and there was a similar congenital band and kink such as had previously been 
found in both his father and brother 

The two sisters P $ 2 and A $ 2 were next P $ 2 was emaciated, constantly suf- 
fered with indigestion, and had McBurney’s point tenderness She was operated upon, 
and a kinked, deformed appendix was removed, which was not acutely inflamed, but vas 
found in the usual familial position A $2 was more robust, but had had man)" sharp 
attacks of so-called “colic ” From her was removed an acutely inflamed appendix 
Both these women have been entirely free of indigestion and colic ever since 

E$ 2 has never had any troubles with her own appendix, and only two of her six 
children have been operated upon as yet The two boys R 5 3 and J ^ 3 both had acute 
attacks of appendicitis, and showed the familial deformity seen in all the other cases 

M ^ 3 was the son and grandson of physicians , so when he began to have indigestion 
and abdominal pains at the age of eight, no time was lost waiting for a second attack 
His appendix promptly came out It was not acutely diseased, but was defoimed 

N ^ 3 was the only child of a widow, who was not thoroughly convinced that 
promiscuous appendicectomy was a good thing So he continued to be allowed to suffer 
from indigestion and abdominal pains till the age of 19 At this time, his appendix ga\e 
real trouble, for at operation, about eight hours after the onset of an attack, it was found 
to be already ruptured He made a good recovery, and has since been entirely free 
from discomfort 

The next three grandchildren consist of the son and two daughters of P 9 2 Their 
father and mother have both been appendicectomised These three children all had mild 
or severe, acute attacks m early childhood, P9 3, the oldest daughter, drained for 
several weeks All had the usual deformity and constriction of the lumen of the appendix , 
and all have been perfectly well since their operations 

The four daughters of A 9 2 have also all been operated upon, with the same 
operative findings, and the same improvement in health as in the patients noted Three 
had acute attacks , one, S 9 3 had a chronic condition, with so much anorexia, pylorospasm, 
and vomiting, that she nearly died of starvation She was operated upon m 1927, at the 
age of four, when it was not realized that appendiceal deformities could cause such a 
serious situation Her operation was undertaken with a great deal of hesitation by all 
concerned The child’s almost instant recovery, with gain in weight and strength, was 
one of the most dramatic things I have ever seen 

Most of the patients mentioned have, by now, reached adult life, though 
two aie still childien All are now normal, health}" individuals, entirely fiee 
of any digestive or abdominal distuibances 

It is astonishing, in leading the histones of these cases, to note the close 
familial resemblance of all these appendices Though the opeiations were 
performed m various hospitals, and the findings lecorded by vaiious interns 
between 1909 and 1938, 111 every case the recoid refeis to a band of fibious 
tissue at the base of the appendix, with more or less adhesion of the organ 
to the outer suiface of the cecum, exactly as in the case of N cf i, the 
foundei of the family 

This family history emphasizes the remaiks made as long ago as 1886 b) 
Reginald Fitz,” vho stated that “In considering the symptoms of appendicitis. 
It IS to be noted that attacks of inflammation frequently occur without giving 
rise to any characteristic symptoms, and often without suggestion of aii} dis- 
tinct malady The severity (of the lesions found at autopsy) suggests the 
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piobability that appaiently slight disturbances of digestion were overlooked 
The dial rhea, constipation, or abdominal pain, especially when occasionally 
recui rent, wei e regarded as characteristic of a feeble digestion There can be 
little doubt that a diagnosis of bilious attack, colic, gastritis, enteritis, gravel 
and the like, may not infrequently conceal the existence of an inflamed 
appendix ” Most of these diagnoses have been made in the histones of the 
second generation of this family Truly it is said — “There is no new thing 
undei the sun ” 

SUAIMARY AND CONCLUSIONS 

This IS the histoiy of a family consisting of 22 members — being one man, 
his SIX childien and fifteen giandchildren, m whom appendicectomy has been 
performed m 16 instances 

Most of the operations weie peifoimed dm mg early childhood In the 
adults, most of the symptoms mentioned by Nicholson can be traced back to 
childhood 111 nearly all of the cases 

The strikingly good results which, as he shows, follow removal of the 
mechanically ciippled appendix, aie borne out m this family 

It IS believed that these crippling peiitoneal bands may be inheiited 
Most of the specimens removed were consideied merely routine appendices, 
and were not paiticularly examined by the seveial pathologists It is believed 
that the earliest symptoms are due to deranged intestinal function only, of a 
reflex natuie, such as pylorospasm or spastic colon, without organic changes 
m the appendiceal wall This was certainly tiue of S2 3, but this series 
thiows little light on this question, which I hope to consider at another time 
The presence of congenital malformations alone is not sufficient to precipi- 
tate an attack of acute appendicitis, though they are a predisposing cause To 
produce the acute attack, the presence of some other etiologic factor is 
necessaiy 
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OBSTRUCTIVE JAUNDICE DUE TO CARCINOMA OF 
THE PANCREAS THE CHOICE OP OPERATIVE PROCEDURE 

Myron A Sallick, M D , and John H Garlock, M D 

New York, N Y 

FROM THE SURGICAL SERMCE OF DR JOHN 11 G VRLOCK, MT SINAI HOSPIT VI , NFV\ lORK, \ 1 

Despite lecent renewal of iiiteiest in the problem of biliary tiact obstiuc- 
tion due to caicinoma of the head of the pancreas, treatment of this condition 
lemains as yet almost entiiely palliative m natme 

Whipple, and his associates'^’ have made encom aging piogiess with 
their opeiation foi neoplasm aiismg fiom the ampulla of Vater Howevei, 
the multiple-stage pioceduie which they advocate has been maiked, even with 
them, by a i athei high moi tahty i ate As far as published reports show, they 
have appai ently had two successful i esections for carcinoma of the ampullai y 
1 egion 

Clinical instances of ladical lesection of the head of the pancreas for cai- 
cinoma, attendant with any degi ee of success, ai e exti emely few The patient 
lepoited by Biunschwig^ succumbed to local recurrence and hepatic metas- 
tases befoie leaving the hospital Recently, a case of successful lesection was 
repoited by Geoige Ciile, Jr ^ and anothei has been added by Illmgwoith ° 
Otheiwise no claims of panel eatic head excision with lecovery have been pub- 
lished to oui knowledge 

Formidable anatomic barrieis, chiefly the intimate fixation of the portal 
and the supeiior mesenteric vein to the panel eas, seem to pieclude the likeli- 
hood of further technical advances m this field In Brunschwig’s case, lesec- 
tion appeals to have been facilitated by the existence of an unusually mobile 
pancreas, a favoiable circumstance which can larely be found m the human 
subject The opeiative desciiptions of Ciile and Illingworth would suggest 
that the amount of pancreatic tissue lesected by each was small 

Thus, for the piesent at least, the suigeon must be content with measures 
which afford only symptomatic benefit to patients with caicinoma involving 
the head of the panel eas, and m most cases of ampullai y malignancy as well 
Essentially his efforts must be restricted to the relief of the resultant mechan- 
ical inteiference with excretion of bile and the accompanying severe organic 
changes and subjective manifestations of complete obstructive jaundice 
These patients, as a lule, aie poor subjects for an extensive surgical pro- 
cedure They aie usually at or beyond middle age They aie debilitated 
They are enfeebled by the effects of piogiessive and piofound cholemia, with 
Its related physiochemical disturbances They are liable to hemorrhage They 
suffei from biliaiy infection, to a gieatei oi lesser degiee The situation is 
analogous to intestinal or uiinary tiact obstruction The immediate need is 
for relief of the obstruction The procedure to be adopted should be one 
which effectively fulfills this purpose, with minimum risk 
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Two types of palliative operations are available in dealing with caicinoma 
of the head of the pancreas The choice of proceduie lies between reestab- 
lishing bile flow into the intestinal tract by anastomosis or by providing biliaiy 
excretion through external drainage Of these two measuies, the formei has 
been almost routinely adopted by most surgeons when palliation has been 
sought 

It has been oui impression for some time that biliary-intestinal anasto- 
mosis, as a primal y proceduie, is rarely warranted m these cases This opin- 
ion has been formed through personal experiences and from critical review 
of the published results of other observers The high immediate operative 
mortality rate associated with mteinal diainage of the biliary tract does not 
appear to justify its routine employment 

For these reasons, during the last two years (1938 and 1939), it has been 
our piactice to provide only gallbladder 01 common duct drainage as the 
initial surgical step m most cases of complete obstructive jaundice due to 
chionic panel eatic disease The purpose of this communication is to review 
this subject in the light of oui experience and particularly to compare the 
results obtained with external drainage as opposed to internal biharj decom- 
pression These two methods will be judged chiefly with legard to opera- 
tive mortality, symptomatic relief, and length of postoperative survival 

Published statistics dealing with moitahty rates in palliative operations for 
carcinoma of the head of the pancreas are not encouraging They deal chiefly 
with the piocedure of primary bihary-intestinal anastomosis The immediate 
mortality rate averages between 30 and 50 pei cent Hunt and Budd® state 
that the mortality in anastomotic operations “approaches 70 per cent ” Judd 
and Paiker^® had 18 deaths m 34 cases of anastomosis m pancreatic carcinoma 
Fraser’s'^ mortality rate, in a large compiled series, with primary cholecysto- 
gastrostomy, for malignant cases, was 51 8 per cent Oppenheimer, Glass, 
and Netter^^ found a moitahty rate of 441 per cent, with primaiy internal 
drainage Eliason and Johnson® had an operative mortality of 40 per cent, 
with cholecysto-enterostomy Somewhat lower aie the figures of Cohen and 
Colp ,2 32 per cent, Zollinger and Kevorkian,^® 31 per cent, and Ransom,^® 
29 17 per cent The formei found a gi eater mortality with simple abdominal 
exploration alone, than with anastomosis, which would suggest that side- 
tracking of the biliaiy flow was reserved for the less desperate cases The 
lowest repoited mortality is that of Coller and Winfield,® 26 per cent, but 
their series included a large propoi tion of cases in which the biliary obstruc- 
tion was due to stone and other benign lesions 

The only available data comparing the opei ative mortality rates of external 
with internal drainage of bile foi obstructive jaundice due to chronic pan- 
creatic disease is that given by Fraser who found an opei ative mortality rate 
of only 1 1 6 pei cent in 84 cases of surface drainage, and 24 per cent in anas- 
tomosis performed after initial biliary decompression In the same collected 
series, the immediate operative moitahty rate with piimary cholecystogastros- 
tomy foi pancreatic malignancy was 51 S per cent The contrast is striking 
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and merits considei ation Walteis/® some yeais ago, also called attention to 
the advisability of dela3^ed anastomosis but gave no data m liis papei 

A sti iking unifoimity is found in the postopei ative suivival peiiod of these 
cases as lepoited by vaiious authois Palliative pioceduies, while inateiially 
adding to the comfoit of patients with caicinoma of the head of the pancieas, 
hare little effect m piolongmg life expectancy Most patients succumb within 
SIX months aftei opei ation, few aie alive aftei one yeai The aveiage dura- 
tion of life postopei atively, even allowing foi raie instances of unusually long 
smvival, IS between seven and eight months Fiaser, in his series, found 66 
per cent dead undei six months, and 90 per cent within 12 months Tlie 
average survival peiiods lepoited by othei authois aie as follows Zollingei 
and Kevoikian, 9 months, Judd, 73 months, Lahe39^^ 8 6 months, Collei 
and Winfield, 72 months, Eliason and Johnson, '"shoit”, Oppenheimei, 
Glass, and Netter, 7 months Oppenheimei*^^ lepoited one unusual instance 
of long postopei ative suivival (29 months) 

Findings — Duiiiig the ten-3^ear period (1930-1939 inclusive), 106 patients 
were operated upon on the Suigical Waid Sei vices of the Mt Sinai Hospital, 
with the diagnosis of caicinoma of the head of the pancieas The mortality 
late for the entire series was 33 per cent (35 operative deaths 111 106 cases) 
Biliary-intestinal anastomoses were peifoimed m 50 of these patients, with 
24 deaths, an opei ative moitaht3'- late of 48 per cent In contiast to these 
high figures, 27 patients had external biliary diainage, alone, as the piimary 
operative piocedure, with thiee deaths, a mortality late of only ii i per cent 
In the leinaining 29 cases of this series, opei ation was limited to abdominal 
exploration In this gioup, theie were eight deaths with a mortality rate of 
27 5 per cent These findings are tabulated in Table I 


Total 

Anastomosis 
External drainage 
Celiotomy only 


Table I 


No of Cases 

No Died 

Mortality 

106 

35 

33 

50 

24 

48 

27 

3 

11 I 

29 

8 

27 5 


In the lattei two years of this study, primaiy anastomoses weie reseived 
for the 3mungei, incompletely-obstructed and better risk cases For the others, 
a caieful routine of pi eopei ative pi epai ation, minimal operative manipulation, 
and subsequent caie was followed Operation was withheld foi seveial days 
to peimit admmisti ation of fluids and impiovement of livei function Most 
patients received one or moie transfusions of fiesh citrated blood All were 
given bile salts and vitamin K 01 ally 

The operations were pei formed under local novocain anesthesia, through 
a shoit subcostal incision Exploration was limited to steps essential for con- 
fiimation of the diagnosis of noiicalculous obstruction When the gallbladder 
was found distended, and the pancreatic head enlai ged, by digital examination, 
cholecystostoniy was performed without exposure of the pancieas and with- 
out attempting to obtain a biopsy specimen The common duct was drained 

27 



SALLICK AND GARLOCK 


Annals of Surgery 
January 1942 


by T-tube m those patients where the gallbladder was absent due to pievious 
opei ation 

Two 01 thiee weeks after operation, visualization of the biliaiy tract was 
obtained by i oentgenographic study following injection of hpiodol through 
the cholecystostomy tube This was done to guaid against the possibility of 
overlooking common duct or ampullary stones and to reveal the site and 
degiee of obstruction due to extrinsic pressure 

The patients were discharged from the hospital with the drainage tube 
left indwelling Bile salt therapy was continued They were seen periodically 
for follow-up examinations In the instances where good general condition 
was maintained after four months, hpiodol studies wei e repeated When com- 
plete common duct obstruction peisisted, though the patient remained well 
and continued to gam weight and stiength more than six months after opeia- 
tion, it was assumed that the diagnosis of panel eatic malignancy was probably 
incoi 1 ect These patients wei e returned to the hospital f oi further study and 
leoperation They were now in far better condition for abdominal explora- 
tion, and possible anastomosis, than at the time of the oiiginal drainage 

During this peiiod of study, operation was pei formed upon 28 patients 
with obstiuctive jaundice due to chionic pancreatic disease There were five 
deaths, giving a total moitality late of 17 8 per cent Cholecystostomy or 
choledochostomy, or both, were cairied out m 16 of these cases with two 
deaths (12 5 pei cent) There weie thiee deaths in eight instances of bihaiy- 
intestmal anastomosis, a mortality late of 38 5 per cent Four patients had 
celiotomy only The contrast with the pieceding period, m which piimary 
anastomosis was pei formed in a majoiity of the cases, is demonstrated in 
Table II 


Table II 


1930-1937 

No of Cases 

No Died 

Mortality 

Total 

78 

30 

38 4 

Anastomosis 

42 

21 

SO 

External drainage 

11 

1 

9 I 

Celiotomy only 

2 S 

8 

32 

1938 and 1939 

No of Cases 

No Died 

Mortality 

Total 

28 

5 

17 8 

Anastomosis 

8 

3 

3 S 8 

External drainage 

16 

2 

12 s 

Celiotomy only 

4 

0 

0 


Late follow-up lecoids were available in 62 of the 71 patients who sur- 
vived and left the hospital after opei ation Only nine are known to be alive 
at the present time, the 1 emainiiig 53 having succumbed to carcinoma at vary- 
ing times, usually within a few months postoperatively These findings aie 
shown 111 Table III 

The life expectancy of these patients is brief Over 80 pei cent are dead 
within one year aftei operation The average suivival period is only 5 5 
months It is not materially influenced by the type of palliative procedure em- 
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plo3^ed The few instances of piolonged survival may geneially be regaided 
as nonmalignant cases 

Analysis of Findings — It is evident that anastomosis between the bihaiy 
and intestinal tiacts m the presence of complete obstiuctive jaundice is an 
Liiidei taking of gieat hazaid It invites an opeiative moitahty rate of neaily 
50 pel cent This in contiast with a mortality rate of only lo to 12 pei cent 
for external biliaiy diainage The benefit to the patient as legaids lelief of 
discomfort and length of postopei ative suivival period is about the same with 
eithei pioceduie The disparity between the lelative iisk of internal as op- 
posed to external diamage is sti iking (5 i) 

A case repoit is given to illustiate the advantage of delayed anastomosis 

Table III 

LENGTH or POSTOPERATIVE SURVIVAL 



Biliary- 

Entero- 

External 

Exploratory 



anastomosis 

Drainage 

Celiotomy 

Total 

No Followed 

25 

18 

19 

62 

Died 





Under 6 mos 

i6 (64%) 

7 (38 8%) 

12 (63 2%) 

53 (85 5%) 

6-12 mos 

6 (24%) 

4 (22%) 

5 (26 3%) 


1-2 yrs 

I ( 4%) 

I (5 5%) 



Over 2 yrs 

I ( 4%) 




Average survival period 

6 3 mos 

6 I mos 

5 I mos 

5 5 mos 

Alive 

I at I yr 

4 over I s yrs 

I over 5 yrs 

9 (14 5%) 



2 at 8 mos 

I at 3 S yrs 



Case Report — Hosp No 435647 J S, male, age 51, was admitted to the hospital, 
February i, 1939, having been ill for seven weeks with mild, uppei abdominal discomfort, 
progressively increasing jaundice, and the loss of 17 pounds m weight He appeared 
much older than his age , feeble and deeply icteric A globular mass was palpable beneath 
the liver edge His stools were clay-colored The urine contained much bile, and only a 
trace of urobilin Blood cholesterol was 400 mg per cent , cholesterol 280, and the icterus 
index 38 

This patient presented a grave risk for primarj^ cholecystogastrostomy Chole- 
cystostomy was performed with minimal exploration He gained rapidly postopei ativelj' 
His jaundice cleared promptly He was discharged six weeks after the first operation, 
with a biliary fistula and followed as an out-patient 

Eight months later his condition was excellent, despite persistence of complete com- 
mon duct obstruction It was felt that he might have chronic pancreatitis rather than 
carcinoma He was readmitted to the hospital, and secondary cholecystogastrostomj' was 
performed, October 15, 1939 Convalescence was uneventful When seen over one 3'ear 
after his initial operation, he was symptom-free and had regained his maximum weight 
His operative wound was healed, his stools were brown, and his general condition good 

Comment — Attempts to lestoie continuity of bile flow into the intestinal 
tract by anastomosis with the gallbladdei or common duct, in tlie piesence of 
obstructive jaundice due to caicinoma of the pancreas have lesulted, consist- 
entl}’-, 111 a high pei centage of operative deaths Of those who survive opei a- 
tion, the average life expectancy is onl}'' a few months 

Reestablishment of bile flow into the intestinal tiact is of little piactical 
importance It does not lengthen the survival peiiod nor add materially to 
the comfoit of the survivoi beyond results obtained by the surface drainage 
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of bile The oial administration of bile salts and vitamin K adequately com- 
pensates foi lack of bile in the bowel Palliation can be as effectively accom- 
plished 111 these cases by the lelatively simpler and less hazardous procedure 
of creating an external biliary fistula through cholecystostomy or choledo- 
chostomy 

SUMMARY AND CONCLUSIONS 

(1) Radical excision of carcinoma involving the head of the pancreas is 
larely possible 

(2) The choice of palliative proceduie lies between biliary-mtestinal anas- 
tomosis and external biliary drainage 

(3) In oui senes, piimaiy anastomosis resulted in an opeiative mortality 
rate of 48 per cent (24 deaths m 50 cases) 

(4) Contrasted with this high figure was a mortality late of ii i per cent 
when the initial opeiation was lestiicted to external diainage alone (27 cases 
with thiee deaths) 

(5) Symptomatic impiovement and the postoperative suivival period 111 
the externally diained cases was as good as with anastomosis 

(6) An operative pioceduie which cariies a mortality iisk of almost 50 
pel cent does not seem wan anted when the survivois can expect to live only 
a few months aftei operation 

(7) Since chionic pancreatitis cannot, with certainty, be diffeientiated 
from caicinoma even at opeiation, those patients who might otherwise suivive 
if simple biliary decompression were instituted aie sometimes subjected need- 
lessly to the same risk as cancel patients 

(8) It IS recommended that, except in the lare cases of young patients m 
good geneial condition, noncalculous, complete obstiuctive jaundice be tieated 
surgically by simple decompiessive operation alone, as the initial opeiative 
procedure 

(9) Those patients who are alive and in good condition moie than six 
months after operation may be assumed to have benign rather than malignant 
lesions of the pancreas 

(10) If common duct obstiuction persists, they can then be operated upon 
again with relative safety, and the continuity of bile flow into the intestinal 
tract restored 

(11) This pioceduie has been followed on oui seivice at the Mount Sinai 
Hospital during the last two years with encouraging results 
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ILEUS FOLLOWING FRACTURED RIBS 

William A Altbmeier, M D 
Cincinnati, Ohio 
AND 

George H Wadsworth, M D 
Detroit, Mich 

Fracture of ribs complicated by paralytic ileus is rare We have been 
able to find only five cases leported to date Adains^ described the first two 
in 1910, Ralphs^ cited the third in 1925, and VandeF reported the fourth in 
1926 Christopher,^ in 1929, summarized the previously reported four cases 
and added the fifth 

The rarity and severity of this complication when it does occur, make this 
condition inteiesting and woithy of study Among the 454 cases of fiactured 
libs seen at the Henry Ford Hospital during the past 24 years, there have oc- 
curied 10 cases of paralytic ileus complicating the injury Only cases of frac- 
tuied ribs uncomplicated by conditions such as pneumonia, fiactured pelvis, 
or fractuied vertebiae, which aie known to produce ileus, aie included in this 
study Brief 1 epoi ts of these cases follow 

CASE REPORTS 

Case I — J T , white, male, age 31, while riding a motorcycle, collided with a 
car December 2, 1926 He was brought to the Henry Ford Hospital immediately 
Roentgenologic examination showed fractures of ribs 8, 9 and 12 on the left side, 5 cm 
from the lateral margin of the vertebral column There were no abdominal symptoms 
Leukocytes 15,200, with 79% polymorphonuclear cells On December 5, 1926, marked 
abdominal distention developed and persisted for two days, being treated conservatively 
with hot watei bottles to the abdomen, enemata and cathartics The distention gradually 
disappeared, and his course was uneventful He was discharged December 14, 1926 

Case 2 — D D , white, female, age 54, tripped and fell across a bucket February 6, 
1933 ! striking her left chest She was taken immediately to the Henry Ford Hospital 
and roentgenologic examination revealed fractures of ribs 10, ii and 12 on the left side, 
10 cm from the lateral vertebral border There were no signs or symptoms pointing to 
any intra-abdominal injury Marked distention developed which was treated with enemata 
and insertion of a rectal tube It subsided completely in 36 hours 

Case 3 — T C , white, male, age 32, was struck by an automobile May 12, 1935, 
and was admitted to another hospital On May 14, 1935, he was transferred to the Henr> 
Ford Hospital where roentgenologic examination showed fractures of ribs 3 and 4 on 
the right side, near their articulations with the spine, and fractures of ribs 5, 6 and 8 on 
the right side, at the posterior axillary line There nas also a fracture of the left 
humerus On the day following admission abdominal distention associated with repeated 
vomiting developed On May 16, 1935, the distention continued with the patient vomiting 
small amounts frequently Gastric aspiration and lavage, repeated enemata, and multiple 
doses of pitressm and prostigmin were necessary to control the distention, which finalh 
subsided on May 17, 1935 Convalescence was slow and he was discharged June 13, 1935 
Case 4 — C T , white, male, age 24, was injured in an automobile accident October 
13! 1935 He was admitted to the Henr3" Ford Hospital on October 16, 1935, because of 
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pain in the left chest There were no signs of any mtra-abdominal injury Leukocjtes 
10,100, with 84% polymorphonuclear cells Roentgenologic examination revealed frac- 
tures of ribs 7, 8 and 9 on the left side, i 5 cm from the lateral vertebral bolder, and 
fracture of the tenth left rib, 5 cm from the vertebral bolder Moderate abdominal 
distention was noted October 18, 1935, which was treated conseivatively, subsiding 24 
hours later Convalescence was slow because of the development of a tiaumatic pleurisv, 
and he was discharged November 25, 1935 

Case 5 — J Van H , white, male, age 55, was admitted to the Henry Ford Hospital 
December 17, 1936, because of abdominal distention, vomiting and constipation of 2\ 
hours’ duration On December 15, 1936, he had fallen eight feet from a ladder, striking 
his chest on the back of a sofa His physician had made a diagnosis of fractured ribs 
and had strapped his chest Roentgenologic examination revealed fracture of the fourth 
rib on the left side, 2 cm from the vertebral border, and, also, fracture of the eleventh 
rib on the left side, 75 cm from the vertebral border Treatment with numerous 
enemata and repeated doses of pitressm was effective The abdominal distention subsided 
3 l 4 days after admission, and he was discharged December 22, 1936 

Case 6 — W D, white, male, age 41, was injured in an automobile accident Januaiy 
3, 1938 He was given emergency treatment at a hospital in the vicinity, and was then 
transferred to Henry Ford Hospital Roentgenologic examination showed fractures of 
ribs 3, 4, 5, 6, 7, 8, 9, 10 and ii on the left side The third rib was fractured in the 
axillary line, while the remainder were fractured 2 5 cm or less from the vertebral 
borders The eighth and ninth ribs were also fractured m the posterior axillary line, 
and theie was a comminuted fracture of the clavicle Abdominal distention developed 
January 5, 1938, and was of marked severity the following day, but disappeaied Januaiy 
7, 1938 Treatment consisted of gastric aspirations, frequent enemata, and repeated doses 
of pitressm and prostigmin His couise was further complicated by the development of 
a saphenous phlebitis He \\as discharged February 25, 1938 

Case 7 — E M , white, male, age 45, fell 15 feet, striking his left chest May 17, 
1938 He was admitted directly to the Henry Ford Hospital in shock Roentgenologic 
examination revealed fiacture of the ninth rib 5 cm to the right of the veitebral column, 
of the tenth right rib, which was markedly comminuted near its articulation, and of the 
eleventh right rib 5 cm fiom the vertebral bolder, with marked comminution The 
seventh and ninth ribs on the right side were fractured in the anterior axillary line A 
tension pneumothorax developed, and was treated with an intercostal tube leading to a 
water-seal Abdominal distention appeared 48 hours after the accident and persisted for 
two days, gradually subsiding under treatment with frequent enemata and repeated injec- 
tions of pitressm and prostigmin He was discharged June 17, 1938 

Case 8 — A J , white, male, age 58, was admitted to the Henry Ford Hospital May 
19. 1939, after he had slipped and struck his right chest when getting out of the bath tub 
Roentgenologic examination showed fracture of ribs 6, 7 and 8 on the right side, m the 
midaxillary line, and fractures of the tenth and eleventh, 3 cm to the right of the vertebral 
border Abdominal distention developed May 21, 1939, and he was treated with enemata , 
subsiding m 24 hours He was discharged May 22, 1939 

Case 9 — G B , white, male, age 40, was injured m an automobile accident November 
2, 1939, and II hours later he was admitted to the Henry Ford Hospital The abdomen 
was moderatelj”^ distended on admission Roentgenologic examination showed fracture 
of the third rib on the right side in the midaxillary line, and fractures of ribs 3, 4, 5 and 
6 on the left side, in the midaxillary line Abdominal distention persisted from the time 
of admission until November 6, 1939 Treatment consisted of repeated enemata injec- 
tions of pitressm, and the introduction of a lectal tube Continuous oxjgen was adminis- 
tered from November 2, to November 12, 1939 He was discharged November 23, 1939 
Case 10 — J M, white, male, age 48, was injured March 28, 1940 when his chest 
was caught between a steel box and a door-jack He was unconscious for a short period 
following the accident Roentgenologic examination revealed fractures of ribs 5, 6 and 7 
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on the right side, m the midaxillary line, and a second fracture of the sixth nb, 2 cm 
to the right of the vertebral border Abdominal distention appeared 24 hours after the 
accident, and persisted for two days Numerous enemata, and repeated injections of 
pitressin and prostigmin effectively controlled the distention A flat film of the abdomen 
showed dilated loops of small and large intestine The patient was discharged April 
6, 1940 


Table I 

distance or tracture site erom vertebral margin as seen roentgenologicalli 




Ribs 


Distance from 

Case 

Sex 

Fractured 

Side 

Vertebral Margin 

I (86697) 

M 

8 9 and 12 

L 

5 cm 

2 (6763) 

F 

10 11 and 12 

L 

10 cm 

3 (212352) 

M 

3456 and 8 

R 

3-4 cm 

4 (224589) 

M 

7 8 and 9 

L 

15 cm 



10 

L 

5 cm 

s (58476) 

M 

a 

L 

2 cm 



II 

L 

75 cm 

6 (268379) 

M 

2 

L 

11 cm 



4 5 6 7 8 9, 10 

L 

2 5 cm 



8 and 9 

L 

11 s cm 



II 

L 

0 5 cm (comminuted) 

7 (275227) 

M 

7 and 8 

R 

Antenor axillary line 



9 and II 

R 

5 cm 



10 

R 

0 5 cm (comminuted) 

8 (292902) 

M 

6 7 and 8 

R 

Midaxillary line 



10 and 11 

R 

3 cm 

9 (184866) 

M 

2 

R 

Midaxillary line 



3 4 5 and 6 

L 

Midaxillary line 

10 (309371) 

M 

6 

R 

2 cm 



S 6 and 7 

R 

Midaxillary line 


Note Since it is impossible to measure accurately the fracture site beyond the axillary 
line on the roentgenogram measurements beyond this point are not given 


An analysis of these cases (Table I) shows that eight out of ten (80 per 
cent) had one 01 inoie fiactured ribs within 5 cm of the lateral vertebral 
border In two instances the head of the nb was badly comminuted It is 
notable that all of these cases, except one, were males The five previously re- 
ported cases were also males The ages varied fiom 24 to 58 years, the average 
being 46 8 

The abdominal distention appeared ten to 8 4 hours after the injury 
(Table II) 

Table II 

THE TIME or ONSET OE THE ILEUS IN THE 

Number of Cases 

2 

3 
I 
3 
I 


PRESENT SERIES OE TEN CASES 
Time of Onset (Hours) 
10-12 
13-24 
25-48 
49-72 
73-84 
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The ileus that occuired was paialytic in type, and vaiied in seventy The 
distention lasted from one to six days, and in eight cases the duiation ■v\as 
two 01 more days As soon as the distention was noted, energetic treatment 
for its control was piomptl}'- staited This usually consisted of close obseiva- 
tion, repeated enemata, use of the lectal tube, and doses of pitiessm oi 
piostigmin at intervals of one oi two houis In three cases gastiic aspiiations 
and lavage weie necessaiy 



Case No 6 Case No 7 

Fig 1 — Reproductions of roentgenograms illustrative of paravertebral fractures 


Although five of the cases had a piolonged convalescence and peiiod of 
hospitalization greatei than 25 days, all of the patients lecovered undei this 
tieatment without opeiation We believe that if the presence of a ruptured 
intra-abdommal viscus can be luled out, as it was in these ten cases, this type 
of patient is best tieated conservatively without operation The difficulty 
aiises in the diffeiential diagnosis between this type of reflex paialytic ileus 
and distention secondary to intra-abdominal injuiy The upper abdominal 
muscle spasm secondary to nutation of the lo\\er mtei costal neives by the 
fiactuie adds to this difficulty 

Discussion — In Figuie 2, it is seen that the thoracic portion of the 
ganglionated sympathetic cord is situated on the heads of the ribs beneath the 
paiietal pleuia and just lateral to the bodies of the thoracic vertebrae The 
three splanchnic neives arise from the lower portion of the thoracic cord and 
aie distiibuted to structuies 111 the abdominal cavity The gieat splanchnic 
neive^ aiises by a senes of loots from the fifth to the ninth ganglia inclusne 
Ihe small splanchnic aiises from the ninth and tenth, or tenth and eleienth 
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ganglia or from adjacent portions of interganglionic cords The least 
splanchnic arises from the lowest of the thoracic ganglia and may receive a 
filament fiom the small splanchnic, fiom which it occasionally takes origin 
Rarely, a fouith splanchnic neive is foimed by filaments fiom the caidiac 
nerves aided by twigs fiom the lower cervical and upper thoracic ganglia 
The efferent splanchnic fibers, aftei passing through the ganghonated cord, 
are distributed below the diaphragm as viscei o-inhibitory fibers to the stomach 
and intestine, motoi fibers for a portion of the circular muscle of rectum. 


II thoricic ntr\e 
Iiltcnost (I nrlery 
IIL thoracic nerve 


Intercostal arterv 
V Ihoncic nerve 


XI thoracic >, inj,luiii tmmtcli 
ately ticlocv it is the XII 


Xn rib 
Diaphragm 
I liimlnr ganglioTi 


Ilio h\ jiogastrir 
nerve 



1 

I <Ii r c riv I I n'vlly ' 

I i*»J lr*fl I U f fl f 

I I I Ji ll , 

II ihuncic g iiiglioii 

i 


Aorta 

Great sjilanchinc nerve 


Smalt spl inelitiic nerve 

I east splanelinic nerve 

Semilunar ganglion and 
sol ir plexus 


Tig 2 — Show ing the thoracic portion of the ganghonated s> mpathetic cord and the splanchnic nerv es 
(Human Anatomy Piersol , J B Lippincott Co Philadelphia, sth Edition, 1916) 


vasomotoi fibers foi the abdominal aoita and its branches, and secretory and 
sensoiy fibers for the abdominal viscera The vagus and splanchnic neives act 
as antagonists to each other, the vagus being motor and the splanchnics in- 
hibitory in action Division of the splanchnics causes marked increase in 
the intestinal movements, while stimulation of the splanchnics causes a cessa- 
tion of movements and relaxation of the small bowel (Bayhss and Starling,® 
Macleod") Chemical or electiic stimulation of the splanchnics leads to dis- 
tention and paresis of the entiie small intestine® It is evident then that the 
sympathetic ganglia, resting on the heads of the con esponding ribs, give rise 
to the splanchnic nerves which supply inhibitory fibers to the stomach and 
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intestine Artificial stimulation of the splanchnic neive produces lelaxation 
and cessation of movement of the small bowel 

The mechanism by which paialytic ileus is pioduced by fiactuie of one oi 
moie libs is not clearly undei stood Adams^ believed that some displacement 
of the pioximal poition of the fiactured iib occuis, producing nutation of 
the sympathetic chain of the thoiacic ganglia and the splanchnic neives aiising 
fiom them Vandel^ believed that, anatomically, it was difficult to undei stand 
how the pioximal rib fragment, which is strongly bound to the veitebial 
column by ligaments, could move to tbe extent necessaiy foi this explanation 
to apply, although the point of fiactuie in his case was one inch to the light 
of the veitebial boidei Morton® states that the traumatic effects aie supposed 
to be leflex thiough the peiipheral nerves to the sympathetic ganglia stimulat- 
ing the sympathetics Eight out of our ten had one or moie iib fiactuies 
within 5 cm of the lateial vertebral boidei, and in two instances the actual 
head of the iib was comminuted From a study of these cases we believe 
theie aie four possible means of splancbmc stimulation 

(1) Iiiitation of the sympathetic thoiacic ganglia and, theiefoie, the 
splanchnic neive may occui thiough some displacement of the proximal iib 
fracture segment as first suggested by Adams ^ At least in those cases in 
which the head of the iib was comminuted, it is evident that sufficient dis- 
placement could occui 

(2) Edema of the tissues adjacent to the point of fiactuie may encioach 
upon the position of the thoiacic sympathetic ganglia 

(3) Retiopleuial hematoma in the vicinity of the thoiacic sympathetic 
ganglia oi splanchnic neives resultant from the trauma may pioduce piessuie 
on the sympathetic ganglia and splanchnic neives DemeF has shown that 
an expel imentall}^ produced hematoma m the region of the splanchnic neive 
causes a paresis and a meteoiism of the entiie small bowel 

(4) Stimulation of the peripheial neives either mtei costal oi abdominal 
may lesult in reflex stimulation of the splanchmcs thiough the thoracic ganglia, 
as suggested by Ralphs “ This, possibly, would explain the development of 
ileus aftei rib fracture located some distance fiom the spine Olivecrona^® 
noted that stiong sensoiy stimuli, such as citishing of the testes, pioduce a 
poweiful inhibition of peiistalsis by leflex stimulation of the splanchmcs If 
the splanchmcs aie divided, this leflex inhibition of peiistalsis will not occur 
Anothei example of dilatation of the stomach and small intestine caused by 
leflex stimulation of the splanchmcs is seen in the abdominal distention occa- 
sionally seen with renal colic (Eisendialh^^) 

SUMMARY AND CONCLUSIONS 

(1) Intestinal ileus following fiactuied ribs is a lare condition, to date 
only five cases have been repoi ted 

(2) Ten additional cases of ileus complicating fractured iibs aie desciibed 

(3) The mechanism by which this dilatation of the small bowel occurs 
is not cleaily understood 
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(4) Irntation of the dorsal sympathetic ganglia and splanchnic nerves 
appears to be the most plausible explanation This in Ration may be accom- 
plished by displacement of the head of the rib 01 a pioximal fragment, 
letropleuial edema 01 hematoma 111 the paravertebral area, or reflex stimu- 
lation of the splanchnics thiough the peripheial abdominal or tiioracic nerves 

(5) Expel imental stimulation of the splanchnic neives produces relaxation 
and cessation of movement of the small bowel 

(6) In eight of ten cases of ileus following rib fracture, the fracture was 
within 5 cm of the lateial vertebral border This pioximity to the thoracic 
sympathetic ganglia and splanchnic nerves suggests that nritation of these 
nerves as a lesult of tiauma does occur 

(7) If the piesence of a ruptured mti a-abdominal viscus can be ruled 
out, this condition is best tieated conseivatively without operation 
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Bucy.'^ Grants and Rowe'* have used the sulfonamides in the tieat- 
inent of hi am abscesses as an adjunct to suigical theiapy Clinical data sug- 
gested that when these compounds aie used the incidence of meningitis is 
1 educed and the spiead of the encephalitis following opeiation may peihaps 
be con ti oiled In the piesent communication we aie lepoitmg on the use 
of the sulfonamides in the pie\ention of the expeiimental biaiii abscesses 
E\pc)uncnial Method — Healthy mongiel dogs weie used in these expeii- 
ments In the piesent studies the technic foi abscess production was the 
same as pieviously lepoited/ except that the dose of bacteiial inoculum was 
inci eased This was done to insuie death of the contiol dogs within a shoit 
period (24 to 72 houis), following mtioduction of the oigamsms 

At the stait of this experiment one of the sulfonamides, sulfapyiidme, 
was administeied thiough vaiious channels (i) Intiavenous injection of 
OI Gm per kilogiam of the sodium salt, twice a day, (2) the daily intra- 
venous injection of o i Gm pei kilogiam of the sodium salt and the mtio- 
duction intiapeiitoneally of 0 4 Gm pei kilogiam of an emulsion of snl- 
fapyiidine piepaied by the use of sonic vibiations'G and (3) 05 Gm of 
sulfapyiidme pei kilogram by mouth daily given m a single dose 

Blood vas vithdiawn each moining befoie giving an additional dose 
of the drug, and deteiminations weie made on these samples of the blood 
concentiation of the drug being used The 01 al administration was found to 
give the most satisfactoiy lesults and was used in most of the expeiiments 
The dose of sulfanilamide, sulfapyi idine, and sulfathiazole was o 5 Gm per 
kilogram daily, and that of sulfadiazine o 25 Gm pei kilogi am daily All 
of these compounds weie started two houis following the ceiebral injection 
of the bacteiial inoculum unless otheiwise stated All tieated dogs received 
a course of five days of tieatment 

Sulfanilamide, sulfathiazole, sulfapyiidme, and sulfadiazine weie used 
against pneumococci Type-III, hemolytic stieptococci and Staphylococci 
awens The oigamsms weie obtained fiom the heait blood of living mice 
and were cultuied for 12 houis Contiol expeiiments weie carried on simul- 
taneously with each chemotherapeutic experiment 

Results — The data on moitality and suivival obtained 111 these expeii- 
ments are given in Table I It can be seen that when the bacteiial inoculum 
consisted of pneumococci, sulfapyridine and sulfadiazine piovided complete 
protection against abscess foi mation when chemotherapy was begun two hours 
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following injection of the bacteiial inoculum Sulfapyndine protected 75 
pel cent of the dogs fiom abscess formation even though therapy was not 
begun foi 17 hours following the injection of the bacterial inoculum The 
moitahty of the control groups was 100 pei cent While sulfanilamide pro- 
tected 66 o per cent of the dogs, sulfathiazole was only moderately effective 
Sulfapyndine was not used following the injection of Staphylococcus; 
au'teus When this oiganism was injected, sulfanilamide, surprisingly, seemed 
slightly more effectual than the other compounds which were used 

Table I 

Pneumococcus Staphylococcus Hemolytic 

Type-lII Aureus Streptococcus 



No m 

Per Cent 

No m 

Per Cent 

No in 

Per Cent 

Drug 

Group 

Survival 

Group 

Survival 

Group 

Survival 

Sulfanilamide 







Treated 

6 

66 0 

4 

100 0 

4 

7S 0 

Control 

4 

0 0 

4 

0 0 

4 

25 0 

Sulfapyndine 







Treated 

12 

100 0 



TO 

20 0 


4 

75 0* 





Control 

12 

0 0 



10 

0 0 


4 

0 0 





Sulfathiazole 







Treated 

6 

33 0 

4 

75 0 

4 

75 0 

Control 

4 

0 0 

4 

0 0 

4 

25 0 

Sulfadiazine 







Treated 

7 

100 0 

4 

75 0 

4 

SO 0 






8 

37 5t 

Control 

3 

0 0 

4 

0 0 

4 

0 0 






4 

0 0 


* Treatment began 1 7 hours after inoculation 

t Treatment began six hours after inoculation No latent abscesses ha\e developed, and 
some dogs have lived six months 

Sulfapyndine and sulfadiazine were less effectual against the foimation 
of abscess where hemolytic streptococci were used than tlie other compounds , 
although sulfadiazine piovided some protection even when therapy was begun 
as late as six hours following injection of the bacteiial inoculum 

In Chart i are recorded the mean blood levels of the diugs of the tieated 
dogs duiing the first four days of therapy It is inteiestmg to note the high 
mean levels which were maintained when sulfadiazine was used When 
sulfapyndine and sulfathiazole weie admmisteied orally a number of the 
dogs vomited at a variable period of tune aftei the introduction of the drug 
into the stomach thiough a gastric tube This raiely occurred with sul- 
fanilamide and never occuried with sulfadiazine 

The mean blood concentrations of the tieated dogs which died were in 
ever)"^ instance within the range of the mean blood concentrations of sur- 
viving dogs, except foi the dogs which died while receiving sulfadiazine 
Even so, these dogs maintained a mean blood concentration of 20 8 mg pei 
cent until the time of death The minimal effective blood concentrations of 
these compounds were not determined 

Discussion — The high sulfadiazine blood level was maintained on a 
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sinallei close pei kilogiam of body weight lliaii any of the other sulfonamide 
compounds uhich weie studied The absence of low blood concentiations 
m any of the dogs which leceived sulfadiazine evas, we believe, an expiession 
of the ease with which this chug w'as toleiated wdien oially admmisteied 
Compaiison of the compounds shows that sulfanilamide and sulfadiazine 
aie appi oximateh ecjuall}’- eftective foi the oiganisms studied The high 
blood level obtained when lelatnely small closes of sulfadiazine w^ere used, 
and the complete absence of Aomiting, would suggest that this compound may 
he the one of choice when oial 


sulfonamide theiap} is indicated 
and close supei vision is not pos- 
sible This would he especially 
tiue when these compounds weie 
being admmisteied immediatel}' 
following injui} dm mg militan 
engagements, wheie a consiclei- 
ahle peiiod of time may elapse 
hefoie the injuied man is admit- 
ted to a geneial hospital 

The data indicate that expeii- 
mental ceiehial infection can he 
prevented oi conti oiled in a high 
peicentage of instances with ade- 
quate oral sulfonamide theiapy 

Conclusions — The data fiom 


Blood LeueJs of Dru:{i During 
Treatment of 



•— — — o Sulfamlamidz 
———-A SuirapuridlTic 
A Sulfathiazole 
" » Sulfadiazine 


Mean Blood Leve^i of 
oCDo^s Dtfine, 
i)unn^ Treatment 

1 


06 
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these expel iments indicate that sulfonamide theiapy is efifectual in preventing 
a pyogenic hi am abscess follownng injection of pneumococcus Type-III, 
Staphylococcus auicus, and the hemolytic sti eptococcus into a ceiebial aiea 
I^ieviously tiaumatized 

Sulfonamide tlieiap) should he begun eaily, for the few^ data available 
suggest that wuth an inci easing time inteival hetw^een infection and the be- 
ginning of theiapy the moitality also inci eases 

Sulfanilamide and sulfadiazine w^eie found to he the most efifective com- 


pounds 

It IS suggested that mtiacianial infection in man, followung injuiy, may, 
in part, he pi evented by early and adequate sulfonamide theiapy 
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THE RELATION OF HYPERTHYROIDISM TO HYPERTENSION 

J Dewey Bisgard, MD 
Omaha, Nebr 

A DISCUSSION of the relation of hypei thyroidism to hypei tension was pre- 
sented in a previous publication “ The opinions expi essed m that discussion 
were derived from a study of a total senes of 265 cases of hyperthyroidism, 
in which 80 cases, 01 30 pei cent of the series, had preoperative lesting sys- 
tolic pressuies in excess of 150, that is, in excess of a level assumed to be 
the upper limit of normal 

It IS the purpose of the current communication to supplement the previous 
one with a report of an analysis of an additional 86 cases, 19, or 22 per cent, 
of which had resting systolic pressures in excess of 150 

Since the analytical study showed that this second series differed little 
from the first one, the two aie discussed jointly as a single combined series 
The sex-ratio was appioximately four women to one man All cases had sub- 
total thyroidectomies, with preoperative records of essential data as summar- 
ized in Table I The average age was 35 5 years , the duration of toxic symp- 
toms 12 months, and the basal metabolic rate plus 45 i The preoperative 
blood pressuies averaged 142/77 The systolic pressure exceeded 150 in 99, 
or 25 per cent of the cases, 160 in 65, or 185 pei cent, and 200 in 13, or 
3 7 per cent In general, the cases with the highei piessures weie older and 
had had thyrotoxic symptoms for a longer time 


Table I 

DATA FROM ANALYSIS OF 351 CASES OF H\PERTH\ROIDISM 

Averages Duration of 










Toxic 


No of 

Per Cent 

Systolic 

Diastolic 

Pulse 


Age of Symptoms 


P t s 

of Total 

Pressure 

Pressure 

Pressure 

B MR 

P t s 

(Mos ) 

Total cases studied 

3SI 


142 

77 

65 

+45 1 

35 5 

12 

Systolic over iso 

99 

25 3 







Systolic over i6o 

65 

18 S 

180 

92 

88 

+41 5 

43 

24 5 

Diastolic over 90 

66 

18 8 







Pressures over 150/90 

52 

14 8 







Pressures over 160/100 

19 

5 4 

193 

112 S 

80 s 

+36 2 

47 5 

27 

Systolic over 200 

13 

3 7 

228 

III 5 

116 5 

+33 

49 

22 5 

Assuming that 145 

repiesents the uppei limit of normal foi the 

systolic 


blood pressure, all cases with pressures above this level were considered 
hypei tensives, and follow-up obseivations one year oi more aftei operation 
were obtained in all such cases vhich were available for examination Such 
records weie obtained in 49 cases, or approximately one-half of the gioup A 
comparison of the resting blood pressure levels before and one }ear 01 more 
after operation is shown in Tables II and III 

*Read before the first meeting of the Central Surgical Association, February 28, and 
March i, 1941, Ann Arbor, Mich 
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The recoids of the 48 cases weie tabulated in two gionps (i) Those m 
^^hlch the pieopeiative systolic piessuie \\as between 145 and 170, and (2) 
those in which it A\as 170 01 moie 

In the hist gioiip theie A\eie 32 cases In 24, 01 75 pei cent, of these 
the systolic piessuie one yeai 01 moie aftei opeiation sho\\ed some 1 educ- 
tion fiom the pieopeiative le\el, and in 19 of the 24, 01 60 per cent of the 

Tablc II 

01 32 CASI S 01 H\PnRTH\ROIDlSM I\ WHICH THC P\TIE\T H \D \ PREOPnRATI\ C 
SYSTOiIC PPrSSbRC BETWEEN I45 AND I70 


Pressures 


Age 

Sex 

Dura- 
tion of 
Toxic 
SM np 
toms 

Basal 

Meta- 

bolic 

Rate 

Pathologic 

Condition 

Preopera tn c 
Pressures 

I Yr or 
More After 
Operation 

Reduction 

Increase 


Sis- 

tolic 

Dias- 

tolic 

Si s- 
tohe 

Dias- 

tolic 

Sis- 

tohe 

Dias- 

tolic 

Si s- 
tolic 

Dias- 

tolic 

45 

r 

I ir 

+37 

Adenohj pcrplasia 

160 

72 

132 

68 

28 

4 



iS 

r 

I \ r 

+55 

pcrplasia 

155 

100 

119 

S3 

36 

17 



39 

r 

4 mos 

-^34 

Carcinoma 

160 

too 

122 

78 

38 

22 



56 

r 

2 mos 

+ 49 

Adenohx pcrplasia 

166 

66 

150 

90 

16 



24 

32 

r 

3 ^rs 

+46 

Adcnoh> pcrplasia 

160 

106 

115 

70 

45 

36 



35 

r 

4 \rs 

+ 75 

Hj pcrplasia 

150 

95 

130 

70 

20 

25 



IS 

r 

6 mos 

-1-18 

Hi pcrplasia 

165 

90 

124 

72 

41 

18 



22 

r 

4 ^ rs 

+ 59 

Adenohi pcrplasia 

160 

80 

140 

So 

20 

0 



46 

r 

3 mos 

+ 28 

Adcnolii pcrplasia 

160 

90 

16S 

100 



8 

10 

3S 

r 

4 irs 

+ 23 

Adenoma 

168 

no 

182 

120 



14 

20 

21 

r 

10 mos 

+68 

H\ pcrplasia 

150 

80 

140 

90 

10 



10 

37 

r 

2 jrs 

+ 17 


145 

100 

180 

100 



35 

0 

62 

F 

5 mos 

+ 91 

Hi pcrplasia 

ISO 

70 

ISO 

68 





46 

r 

3 irs 

+ 23 

Hi pcrplasia 

150 

90 

126 

82 

24 

8 



45 

r 


+41 

Hi pcrplasia 

155 

80 

126 

80 

29 

0 



49 

r 

5 yrs 

+ 94 

H\ pcrplasia 

156 

70 

170 

90 



14 

20 

33 

M 

2 mos 

+36 

Hi pcrplasia 

150 

70 

146 

82 

4 



12 

57 

r 

I >r 

+ 33 

Adenohi pcrplasia 

158 

78 

140 

100 

18 



22 

24 

r 

3 yrs 

+ 37 

Adenohx pcrplasia 

155 

72 

132 

86 

23 



14 

47 

M 

6 mos 

+54 

Hi pcrplasia 

ISO 

90 

140 

75 

10 

IS 



35 

r 

2 yrs 

•^43 

Hi pcrplasia 

145 

94 

130 

80 

14 

14 



22 

F 

2 yrs 

+ 52 

Hyperplasia 

152 

82 

125 

70 

27 

12 



34 

r 

3 yrs 

+ 26 

Adenohi pcrplasia 

155 

75 

155 

94 



0 

19 

30 

r 

3 mos 

+ 54 

Hi pcrplasia 

150 

80 

120 

73 

30 

7 



56 

M 

3 >rs 

+ 29 

Adenohi pcrplasia 

150 

80 

150 

80 

0 

0 



25 

M 

4 \ rs 

+46 

Hi pcrplasia 

ISO 

90 

128 

84 

22 

6 



36 

M 

3 mos 

+60 

Diffuse 













hyperplasia 

160 

95 

140 

90 

20 

5 



38 

M 

6 mos 

+ 58 

Diffuse 













hyperplasia 

168 

80 

118 

70 

40 

10 



48 

M 

10 mos 

+48 

Adenohyperplasia 

154 

95 

160 

100 



6 

5 

60 

F 

14 mos 

+ 32 

Adenohi pcrplasia 

170 

105 

ISO 

100 

20 

5 



52 

F 

8 mos 

+49 

Adenohi pcrplasia 

158 

90 

140 

8 s 

18 

5 



45 

M 

2 yrs 

+32 

Diffuse 













hi pcrplasia 

ISO 

85 

126 

75 

24 

10 




gioup, theie was consideiable 1 eduction, in ii cases the piessuie became 
1101 mal Theie A\as a 1 eduction of diastolic pressuie m 17 cases S}stolic 
piessure inci eased 111 fi-ve cases and diastolic piessuie m ten cases Theie was 
no change of piessure 111 t^^o cases 

In the second group there weie 16 cases (Table III) In eight of these, 
or 50 per cent, 1 eductions of both the systolic and the diastolic piessure had 
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followed thyroidectomy and had been maintained for periods of one to five 
yeais In four of the eight cases the piessme was nearly normal In four 
cases there was an increase of pressui e, m tin ee of them an exti erne increase 
In two cases theie was little or no change of piessuie 

Table III 

l6 CASES or HYPERTHYROIDISM WITH HYPERTENSION WITH 
SYSTOLIC PRESSURE OF 1 70 OR MORE 


Age 

Sex 

Dura- 
tion of 
Toxic 
Symp- 
toms 

B M R 

Pathologic 

Condition 

Preoper 

B P 

Postoper 

I Yr or More 

Reduction 

Increase 


Syst 

Diast 

Syst 

Diast 

Syst 

Diast 

Syst 

Diast 

62 

F 

2 yrs 

-f-28 

Adenohyperplasia 

250 

120 

180 

80 

70 

40 



32 

F 

7 yrs 

+ 78 

Diffuse hyperplasia 

200 

100 

120 

72 

80 

28 



47 

F 

18 mos 

+43 

Adenoma 

182 

100 

142 

80 

40 

20 



25 

F 

I yr 

+ 63 

Diffuse hyperplasia 

178 

80 

6s 

50 

113 

30 



41 

F 

I yr 

+31 

Adenohyperplasia 

172 

90 

230 

124 



S8 

34 

48 

F 

I yr 

+ 75 

Diffuse hyperplasia 

170 

90 

164 

90 

6 

0 



26 

F 

6 mos 

+ 25 

Diffuse hyperplasia 

170 

90 

130 

85 

40 

5 



48 

F 

2 yrs 

+ 51 

Adenohyperplasia 

170 

90 

210 

100 



40 

10 

S6 

M 

2 yrs 

+ 55 

Adenohyperplasia 

170 

90 

180 

90 



10 

0 

58 

M 

2 yrs 

+48 

Adenohyperplasia 

180 

no 

130 

90 

50 

20 



23 

M 

6 mos 

+ 51 

Diffuse hyperplasia 

170 

80 

170 

88 



0 

8 

48 

F 

9I mos 

+ 60 

Adenohyperplasia 

230 

140 

210 

140 

20 

0 



68 

F 

10 mos 

+ 32 

Adenohyperplasia 

190 

100 

138 

90 

52 

10 



52 

F 

X yr 

+ 45 

Adenohyperplasia 

240 

160 

200 

130 

40 

30 



31 

M 

6 mos 

+ 68 

Diffuse hyperplasia 

178 

100 

126 

70 

52 

30 



49 

M 

14 mos 

+44 

Adenohyperplasia 

182 

115 

210 

120 



28 

5 


Combining the figures from the two gioups shows that in 21 cases the 
blood piessure was uninfluenced by lelief of hypei thyi oidism and either le- 
mained essentially unchanged or continued to inciease In 27, or a slightly 
laiger number of cases, however, the blood pressui e was appreciably i educed 
after thyroidectomy, and m 15 it became relatively noimal or noimal 

Comment — From the data just piesented two types of cases are distin- 
guishable 

(1) A type m which hyperthyioidism and an established h3'^pertension co- 
exist, incidentally, m the same person as sepaiate, um elated entities Usually, 
the hypei tension is essential m type, although its severity apparently is in- 
creased by the thyrotoxic state, and some impiovement may follow release 
fiom hypei thyroidism Despite symptomatic improvement, however, the 
blood pressure, both systolic and diastolic, remains high and, usually, is not 
significantly lowered, and the hypertension continues to progress 

(2) A type in which relief of hyperthyioidism by subtotal thyi oidectomy 
causes both the systolic and the diastolic pressure to recede promptly to a 
much lower, or normal, or nearly normal level, at which it remains or from 
which, after a peiiod of many months, it again gradually ascends This re- 
sponse suggests that thyrotoxicosis in these cases eithei is directly 1 esponsible 
for the hypertension or, more likel) , precipitates or exaggerates a latent vas- 
cular disorder It is conceivable that an inelastic or restricted vascular bed, 
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capable of leceiving the noimal caichac output without appreciable elevation 
of blood piessuie, would be unable to leceive the inci eased output incident to 
hypertbyi oidism without a shaip use in the piopelling foice Conveisely, 
with lessening of the output by i emission of hypei thyi oidism the piessuie 
lequiied to piopel the blood is diminished In othei woids, this hypothesis 
assumes the existence of aiteiiolai pathologic changes which are insufficient 
to inciease appieciahly the lesistance to a noimal volume of blood flow but 
which aie sufficient to pi event noimal expansion as the load is inci eased in 
1 espouse to eithei hypei th}i oidism, exeicise, oi the cold pressoi test 

This hypothesis finds suppoit in the i espouse of the seven cases (three of 
the gioup in Table III, and foui piivate cases not included in the present 
senes) subjected to exeicise and to the cold piessoi test of Hines and Blown ^ 
These deteiminations aie shoun in Table IV In all cases large reductions 
of blood piessuie had developed and been sustained aftei subtotal thyroidec- 
toni}^ 

Tunc IV 

irncT OI Exi Rcisr \nd oi Tiir coin pri ssor test on tiil blood pressurhs or SE\nN patients 

ONE -srxR OR MORI VETER SbBTOTAI TI1\ ROIDECTOMY 


Blood Pressure Pulse Rate 


Cise 

Age 

Preop 

B M R 

Postop 

Pulse 

Prcop 

Postop 

After 

Exercise 

After 

Immersion 
of Hands 

After 

Exercise 

After 

Immersion 
of Hands 

I 

47 

+43 

7O 

182/100 

142/80 

195/95 

185/105 

104 

82 

2 

ss 

+48 

84 

180/110 

130/90 

190/100 

185/105 

no 

92 

3 

62 

+ 28 

68 

250/120 

180/80 

230/110 

230/110 

100 

74 

4 

60 

+62 

82 

210/110 

I50/I03 

220/112 

218/110 

98 

80 

5 

S6 

+ 58 

72 

190/11S 

150/108 

190/120 

200/124 

II2 

72 

6 

31 

+ 08 

72 

178/100 

126/70 

160/00 

148/90 

92 

82 

7 

45 

+ 52 

78 

loo/iio 

140/82 

162/90 

170/95 

102 

90 


Aftei the liasal lei el of blood piessuie had been obtained, each patient 
was given sufficient exeicise to inciease the pulse late appieciably (from i6 
to 40 beats pei minute), and the blood piessuie lias detei mined immediately 
afterward and at subsequent inteivals of 6o seconds In each instance the 
pressure lose to the approximate pieopeiative resting level Moreover, these 
levels were sustained abnoimally long and leceded abnormally slowly Thus, 
the response of blood piessuie to the increased caidiac output incident to 
exercise was approximately the same as that lecorded pi eoperatively duimg 
the thyrotoxic state 

Each patient was then subjected to the cold piessor test desciibed by 
Hines and Blown In accordance with then technic, the lowest or basal level 
of blood piessuie was obtained with the subject lesting supine for 30 minutes 
or longer With the blood piessuie cuff in place on one arm, the opposite 
hand was immeised in ice water (4° C ) to a point just above the wrist for 
60 seconds, and 1 eadings of blood pressure were made 30 and 60 seconds after 
the beginning of imnieision Within 30 seconds the piessure again mounted 
to approximately the same level which followed exercise In the light of the 
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studies of Hines and Brown, the reaction of the blood pressure in these 
patients to the cold pressor test was excessive and abnormal, as is that in all 
subjects afflicted with essential hypei tension The studies of these investi- 
gators showed that in addition to the peisons with hypertension theie is a 
group of persons who do not have hypertension but do give excessive reac- 
tions to the cold piessoi test Peisons in this gioup they designated “hyper- 
leacting normals,” and they stated the belief that this excessive reaction 
indicates a latent quality and a likelihood of subsequent development of hyper- 
tension On this basis it may be reasoned that my patients had potential if 
not real essential h}pei tension and that the latent factoi had been precipitated 
or exaggerated by thyiotoxicosis 

It is interesting that in each of these seven cases theie was a familial his- 
tory of hypei tension 


CONCLUSIONS 

(1) As a physiologic response to hyperthyi oidism, the systolic blood 
piessuie IS usually slightly elevated It recedes to the noimal level with 
relief of hyperthyroidism 

(2) In this senes of 351 cases, hypei thyi oidism was associated with un- 
questionable essential hypertension (systolic piessure above 170) in appioxi- 
mately eight per cent, and with elevations of the systolic pressuie above the 
physiologic level (above 150) 111 25 per cent On the basis of changes of 
blood piessuie following lelief of hypei thyi oidism, two types of cases aie 
discernible (A) Cases with fixed or established essential hypei tension, in 
which the blood pressuie and the couise of the vascular disease are not sig- 
nificantly influenced by lelief of hyperthyroidism, and (B) cases with latent 
or labile essential hypei tension, in which the blood piessure shows consider- 
able reduction after 1 ehef of hyperthyi oidism or approaches a normal level and 
maintains this level for a peiiod of months 01 yeais In many cases of the 
second type the piessure is obseived subsequently to ascend In these cases 
there is excessive lesponse in blood pressuie to exercise and to the cold 
pressor test of Hines and Brown It is suggested that the relation of hjqier- 
thyroidism to hypertension in these cases is provocative, and that hyperthy- 
roidism merely precipitates 01 exaggerates hypei tension which is latent 

It IS further suggested that in both types theie is arteiiolar disease, dif- 
feiing only m degiee In the first type the disease is more advanced, render- 
ing the vascular bed inadequate foi even a normal volume of blood flow In 
the second type the disease may be designated as pretensive hypertension 
which pi ogresses to the condition of the first type with the advance of time 
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No DISEASE IS moie full of surpnses and less amenable to tiadition than 
malignant tumois They defy any classification oi piecedent Hence the 
impoi lance of continuing clinical investigation and leportmg new phenomena 

Tumois of the bieast aie univei sally accepted as being primaiy m oiigin 
This cliniCcd obseivation is in accoi dance with the teaching of Viichow, that 
oigans ■which aie fiequently the site of piimaiy tumois aie seldom affected 
by metastatic giowths 

That metastatic tumois m the bieast do occui was shown by Dawson/ 
in 1936, when he lepoited a case of gastiic caicmoma with metastases to both 
bi easts, pi oven histologically fiom autopsy mateiial He tabulated a senes of 
ten cases collected fiom the hteiatuie Theie have been no other lepoits of 
metastatic tumois of the bieast up to the piesent waiting 

Daw'son confines metastatic mammaiy tumois to “those lecoided instances 
wdieie clinical and micioscopic data point moie 01 less to piimaiy growths 
in anothei site ” 

Two such pi oven cases w^eie admitted to the Biooklyn Cancer Institute 
One case had its oiigin in an hypei nephi oma , the othei, in a melanoma of 
the light foreaim 

CASE REPORTS 

Case I — Hosp No 1680 M S , w'hite, female, age 43, was admitted to the Brooklyn 
Cancer Institute, October 8, 1938, complaining of pain in the light side of the abdomen 
and loss of 20 pounds in three months Four months previous to admission (June, 1938) 
she developed a cough with occasional bloody sputum In July, 1938, she was treated 
for bronchitis and pleurisv A short time later she developed pain m the right lower 
quadrant and w'as admitted to a private hospital wdiere her appendix -w^as lemoved After 
ten days she was discharged Two w'ceks latei she reenteied the same hospital, still com- 
plaining of pain in the right loAver quadiant At this time examination and roentgenologic 
studies revealed “neoplasm of the lungs, hydronephrosis, and ptosis of the right kidney ” 
She was then referred to the Brooklyn Cancer Institute for roentgenotherapy 

Physical Eiaminatwn — The patient was an emaciated, chronically ill female Tem- 
perature 100° F, pulse 120, respiration 20, blood piessure 168/60 Both breasts were 
symmetrical, of model ate size, and slightly pendulous The skin was smooth and freely 
movable The nipples were of equal size, and w'ere not retracted or inverted, they 
showed no discharge Deep m the center of each breast a nontender, 11 regular, firm 
tumor was palpated, measuring about 3-4 cm in diameter, attached to the underlying 
structures and only slightly movable The tumor in each breast appeared to be the same 
size and shape, and symmetrically placed in the center There were no palpable nodes 
in either axilla or supraclavicular regions The patient stated that the breasts “never 
bothered” her 

The heart was somewhat enlarged, an apical systolic and double aortic murmur 
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was present, which was transmitted to the vessels of the neck The lungs showed dulness 
at both bases and right interscapular areas, with diminished tacticle fremitus and breath 
sounds A few scattered moist rales were present 



Fig I — Case i Pliotomicrograph Fig 2 — Case i Photomicrograph 

showing anaplastic cells of hj pernephroma showing anaplastic cells of metastatic 
(X800) hjper lephioma in the breast (X800) 



Fig 3 — Case i Photomicrograph Fig 4 — Case 2 Photomicrograph 

show ing metastatic hypernephroma of the show iiig metast itic melanocarcinoma of 
breast (X200) breast (X200) 


The abaomen was slightly distended The liver was enlarged to two fingers breadth 
below the costal margin A large, firm mass was felt below the liver, corresponding to 
the region of the right kidney, which was verj’’ painful on palpation There were no 
other palpable masses The spleen was not enlarged Pelvic examination revealed no 
evidence of pathology 
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Roentgcnogi aphic examination of the chest showed multiple metastatic nodules m 
both lungs A pAclogiam showed a tumor of the upper half of the right kidney, asso- 
ciated with Indroncphrosis Urine Albumin 2 plus, with 43-61 red blood cells per field 
and many squamous epithelial cells Blood chcmistr} Urea 36 mg, cieatinme i 2, sugar 
100 mg Blood examination Red cells 2,900,000, with 42% hemoglobin , white cells 
33,000, with 84% poljmoiphonuclcar Icukocjtcs, 13% Ivmphocvtes, and 3% eosinophils 
Blood Wassermann, negative 

Both breast tumors wcie rcmoAcd under local anesthesia for diagnosis They were 
found to be hist ologicallj, the same — metastatic hj pernephi oma (Path No 1505) The 
patient receued suppoitive treatment, but her condition became progressnely worse and 



Fig s — C' lse 2 Photonnetognph showing nialigmnt characteristics 
of the cells (X8oo) 


she died October 28, 1938 Autopsy was not permitted, except for removal of a portion 
of the primary tumor m the abdomen The pathology of this tumor proved to be the 
same as that of the tumors of the breasts Confirmation of this diagnosis was made by 
Dr James Ew'ing Both tumors proved to be of renal origin 

Case 2 — Hosp No 7937 W S , white, male, age 42, was admitted to the Brooklyn 
Cancer Institute, June 19, 1935, complaining of a lump on the right chest and right elbow 
About tw'o years previous to admission he had had a “waity” growdh removed from the 
right forearm About six months before admission he noticed a lump on the right elbow 
and right chest, wdnch grew^ progressively larger His family history and past history 
w'ere irrelevant He had lost ten pounds within the last year 

Physical Examination — ^The patient w'as a well-developed wdnte male, weighing 158 
pounds, and was 5' 5" in height Not acutely or chronically ill Temperature 99° F, 
pulse 80, respiration 18, blood pressure 120/90 A palpable node, the size of a walnut, 
was present in the right epitrochlear region In the upper outer quadrant of the right 
mammary region was a large, firm tumor, the size of a grapefruit, extending from the 
upper part of the nipple to the anterior axillary line, and involving the lower outer two- 
thirds of the pectoral region The skin over the tumor was stretched, but not adherent, 
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and the tumoi appeared to be fixed to the pectoral muscles The right nipple was some- 
what larger than the left, freely movable, and without any evidence of gross pathology 

The heart sounds were regular in rate and rhythm, and no murmurs were heard 
The lungs did not show any clinical evidence of pathology, but roentgenologic examination 
revealed a nodule, 2-3 cm m diameter, in the left lung, at the level of the fifth rib The 
abdomen was free from any palpable tumor, but the liver was enlarged to 2 cm below 
the costal margin This enlargement of the liver was also noted on a plain roentgenogram 
of the abdomen 

The blood chemistry and the blood count were within normal limits The blood 
Wassermann was negative The urine was not pathologic 

On July II, 1935, a radical right mastectomy was performed, with excision of the 
epitrochlear node The node was reported, by Dr S H Polayes, as metastatic melanocar- 
cinoma The detailed gross and microscopic description of the breast by Dr Polayes is 
as follows 

Pathologic Examination — Gloss Path No 12366 “Specimen a section of breast 
with a triangular piece of skin, about 14 cm in greatest diameter, attached It is also 
accompanied by pectoral muscle and fascia The mass m the breast measures about 15 
cm m greatest diameter, is lobulated and discolored dark brown except for a few pro- 
jecting lobules which are gray in color and a few others of blue discoloration The cut- 
surface presents areas of necrotic brown tissue There is no direct continuity between 
the mass and the overlying epidermis 

Mici oscopic “The breast tissue is the seat of discrete, fairly well-circumscribed 
areas of malignant epithelial cells, embryonal m character, many of which are filled 
with brown pigment The tumor tissue cannot be traced to the breast structures The 
ducts of the breast are distended and filled with large, pale cells of lacteal origin 
Pathologic Diagnosis Metastatic melanocarcinoma " 

Various laboratory tests of the tumor extract were positive for melanoma 

The patient made an uneventful operative recovery, and was followed in the clinic 
until he died at his home in September, 1935 

SUMMARY 

( 1 ) Although tumors of the breast are universally accepted to be primary 
in origin, metastatic tumors in the breast do occur 

(2) Ten cases have been reported in the liteiature up to this writing 

(3) Two additional cases are here reported, one of renal origin, the other 
arising in a melanoma of the forearm 
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Tumors involving the thoracic wall and especially those aiising from the 
ribs and steiniim have been the subject of a nnmbei of scientific papeis duiing 
the last 6o yeais Because of the i dative mfieqnency of piimaiy neoplasms 
of the libs and steiiiiim, many lepoits of single cases with short periods of 
follow-up have appeal ed The eai hei wi iters u ei e concerned with the dangci s 
of open pneumothoiax dining opeiation, and Paiham/’^ in his notable con- 
tiibution divided the collected and his two peisonal cases, into groups wuth 
and wnthout open pneumothoi ax at opei ation With the pi esent-day methods 
of admimsti ation of inhalation anesthetics with closed systems, and the use 
of positive pressuie anesthesia, when necessaiy, oi ihythmic pulmonary in- 
sufflation, open pneumothoiax is no longer an opeiative danger 

The ribs and sternum aie not common sites of primaiy tumors of bone 
Among 57 osteogenic saicomata leported by CampbelP'* only one originated 
in a rib, while one osteogenic saicoina out of 41 studied by Pfahler®^ arose 
in a rib Meyerding*'' discussed 100 cases of osteogenic sarcoma, three of 
wfflich were of costal and tlnee of sternal oiigin CampbelP^ leported one case 
of Ewnng’s sarcoma of a rib among 23 cases, and Desjardins, Meyerdmg, and 
Leddy-® one of a rib among 42 proven instances of Ewnng’s sarcoma 

A number of effoi ts have been made to collect the available repoi ted cases 
of tumors of the thoracic w^all In 1933, Hedblom^*’ gathered 291 cases, includ- 
ing those reported by himselP” m 1921, and added 22 additional personal 
cases In reviewing the oiiginal reports of the collected tumors m his^""^ paper 
0^ I933 j it w^as noted that histologic diagnoses had not been made on a number 
of the tumors, some of wfinch had been treated by roentgenotherapy, without 
biopsy In his earlier paper HedblonP^ included a number of instances of 
tumors metastatic to the bony thoracic w^all, and 111 both papers did not present, 
m detail, all his owm cases, but gave only statistical data concerning the 
majority of them It is not possible, moreover, m many of the earlier reports 
to evaluate the nature of the neoplasm described The cases of Fort^^ and 
Gatewood,^® for example, w^ere reported as sarcomata but are now^ listed by 
the Bone Sarcoma Registry of the American College of Surgeons as instances 
of benign giant cell tumor (Samson and Haight®®) Such corrections of 
diagnoses, m the light of new knowledge, are unfortunately rarely available 
In spite of the difficulty of determining accurately the nature and number 
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of earlier reported cases of tumors of the bony thoracic wall, it seemed to be 
of value to collect the cases reported since Hedblom’s®® study of 1933'*' and to 
piesent them with 15 cases from the University of Michigan Hospital The 
recent advances m the technic of thoiacic operations, it was thought, should 
be reflected m improved clinical results No tumoi desciibed m the literature 
without apparent adequate histologic study has been accepted The case of 
Smith'^® IS not included since two different diagnoses weie made, and the 
chondroma leported by Jitsuiki'*® is omitted since the description was exceed- 
ingly brief Cases may appeal twice in the hteiature as in the reports of 
Allessandri^ and Vitale Myeloma has not been considered Batts^ has 
piesented 40 cases of multiple myeloma from the Univeisity of Michigan , 
Hosptial, 68 per cent of them involving ribs 

Diagnosis — The impoitant symptoms of neoplasms of the bony thoracic 
wall aie tumor and pain Severe pain is often associated with malignant 
tumors Among the patients piesented in this report, fever, weight loss, 
dyspnea, palpitation, mild supposed gasti o-intestmal distress, and pleurisy 
occuired only larely Pleuial effusion was present 111 only two patients, both 
of whom had Ewing’s saicoma 

The most impoitant means of diagnosis of tumoi s of the ribs and sternum 
IS the use of roentgenograms, the value of which, in certain cases, is inci eased 
by special positioning of the patient, fluoioscopy, and artificial pneumothorax 
Jacobeus and Key,'^® and Matson®'^ have shown that inspection of the pleural 
cavity, after pneumothorax, with the thoiacoscope may be useful m establish- 
ing the correct diagnosis and the extent of the thoracic wall lesions Biopsy 
and histologic study of the removed tissue may be necessary for a coriect 
diagnosis Obviously, the histoiy of the case and the physical findings are 
impoitant diagnostic aids 

Differential diagnosis lequires a consideiation of various lesions of the 
thoracic wall, pleuia, lung, and mediastinum, including aneurysm, osteomye- 
litis, gumma, cold abscess, encapsulated empyema, empyema necessitatis, 
bronchial carcinoma (which may directly involve the thoracic wall), echino- 
coccus cyst, and mediastinal tumors 

Treatment — The data assembled for this report have given little evidence 
that radiologic therapy is of great value in the treatment of tumors of the 
thoracic wall In two instances of benign giant cell tumor favorable results 
weie obtained, Neil’s (Samson and Haighff®) patient was appaiently cured 
by the use of radium, and 1 oentgenothei ap)"- caused the regression of the 
tumor in Hilt’s'^^ patient A striking palliative result was obtained by 
roentgenotherapy in a case of Ewing’s sarcoma leported by Bergstrand ,®’ m 
this patient, very extensive pulmonary metastases disappeared after treatment 
on two occasions Death occurred one year after the second period of therapy 
Except for these three favorable instances there are no reports of successful 
radiation therapy foi bony thoracic Avail tumors since 1933 

*The Quarterly Cumulative Index Medicus was available to March, 1940 — (Vol 
27, No i) 
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Opeiative lemoval is the best means of theiapy foi tumois of the bony 
ihoiacic wall The icsults of tieatment by suigical means aie dependent upon 
the natuie of the tumois and the adequacy of then lemoval The varying 
lesults of tieatment of diffeient types of tumois aic discussed latei in the 
aiticle All opeialions foi tumois of the iibs and sternum should be caiefully 
planned foi adequate lemoval \Mth lesection of sufficient bony and soft paits 
Attempts to excise tumois of the iibs and steinum extiapleurally, lead to 
paitial lemoval vith lecuiience, the only too fiequent lesult The failuie of 
impiopei lesection of a tumoi is well illustiated by Cabot Case No 
24212^'* — foul excisions of the tumoi picccded the final operation foi its 
lemoval, vhich Mas followed by the discovciy of metastases in the lung This 
tumor, w'hich lecuiied foui tunes iiefoic metastases became apparent, w^as 
consideied benign at the time of the fiist foiii opeiations With the employ- 
ment of pi Opel methods of anesthesia the Ihoiacic cavity should ahvays be 
opened at operation PioMSion must be made foi an tight closuie of defects 
in the thoiacic wall aftci lemoval of boii) stiuctuies Janes'® has desciibed 
the leplacement of the anteiioi poition of the second iib by use of part of 
the adjacent thud iib as a pedicled giait, in this mannei he assuied the 
stability of the antciioi thoiacic wall lollowing the lemocal of a tumor of 
the second nb 

Remaikably extensive lescctions of the steinum, wntli opening of both 
pleuial cavities, have been successfully pcifoimed b} Hcuei and John Alex- 
ander (Authors’ Case 2) Haight (Authois’ Case 9) also lesected the 
gladiolus sfeim and opened the left pleuial ca\jty foi chondi osarcoma Nis- 
seiP" removed a laige osteogenic saicoma wuth long lengths of four ribs anteio- 
lateially, and a gcncious poition of the uppei lobe of the lung mfiltiated in 
continuity by the tumor, the patient recoveied fiom the opeiation without 
especial difficulty HauteforC® described the successful lemoval of a round 
cell sarcoma wuth the thud, fouith, and fifth iibs and the middle lobe of the 
right lung from a foui-yeai-old child, the tumoi w^as adheient to, but had not 
mfiltiated the lung 

Case I of this article exemplifies the tieatment of a costal tumor by a 
properly planned opeiation Follownng the admission of the patient to the 
University of Michigan Hospital, loentgeiiogiams weie made in oblique pio- 
jections after the induction of aitificial pneumothoiax to obtain infoimation in 
addition to that fuinished by posteio-anteiioi 1 oentgenogi ams These films 
demonstrated that the tumoi, wdiich w^as consideied to be an osteogenic sai- 
coma, arose fiom the postei olateral poition of the left sixth 11b and that it 
was not adherent to the lung Fluoroscopic examination w^as also earned out 
At opeiation a paiascapular incision wms earned well forwaid below^ the tip 
of the scapula, the tiapezius and rhomboldeus major and latissimus dorsi 
muscles were divided, and the scapula was retracted The skin and muscles 
were divided at diffeient levels m older to avoid ovei lying suture lines 
o owing closuie of the wound The tumor w^as not adherent to these muscles 
the sixth rib was divided at the level of the vertebral transverse process and 
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the pleural cavity was opened posteriorly A long length of the rib was re- 
moved with the adjoining intercostal muscles, which were divided close to 
the fifth and seventh ribs Even though the approximation of the mtei costal 
stiuctuies was not possible, airtight closuie of the large wound was readily 
obtained by careful suture of the extracostal muscles, the subcutaneous tissues, 
and the skin, after reexpansion of the lung Examination of the tumor demon- 
strated the absence of infiltration of the intercostal muscles — the histologic 
diagnosis was osteoma Every care had been taken, however, to secure the 
complete removal of a tumor considered to be malignant befoie operation 
The treatment of metastatic tumors of the lung secondary to primary 
tumors of the ribs and sternum has been quite unsatisfactory, as might 
be expected, since the primary tumors themselves have been resistant to 
roentgenotherapy The favorable result of treatment of one metastatic Ewing’s 
saicoma has been mentioned Recently, ChuichilP^ has successfully removed 
the lower lobe of the right lung with an adjacent poition of the diaphragm for 
a metastatic osteogenic sarcoma, the primary site was in the left fourth rib 
This represents the first reported operative treatment of an hematogenous 
metastatic pulmonarj'- tumor with the primary focus in a rib 

Foi this article, a classification of tumors based upon histologic structuie 
has been used Zinnmger'^® proposed a clinical classification of neoplasms of 
the thoracic wall, dividing them into tumors arising from the deep structures 
of the thoracic wall and partially mtrathoracic, those aiising from the super- 
ficial structures but fixed to the deep structures, and those arising within the 
thorax and presentmg through the thoracic wall The primary interest of the 
present discussion is m the treatment of tumors involving the ribs and sternum 
It IS often difficult, clinically, to draw a sharp line between neoplasms arising 
primarily m the bony thoracic wall and those primary m the soft tissues in- 
volving the ribs and sternum secondarily Probably none of the cases of 
fibrosarcoma, neurofibroma, schwannoma, lymphosarcoma, and Hodgkin’s dis- 
ease, to be presented, originated in any case in the bony thoracic wall in 
spite of their intimate association with it 

In order that a proper evaluation of the results of therapy of the different 
histologic types of tumors involving the ribs and sternum may be obtained, 
the collected cases, together with those from the University of Michigan Hos- 
pital, have been tabulated The results of treatment vary strikingly in the 
benign and malignant groups Unfortunately, long periods of follow-up are 
available for only a comparatively small percentage of the cases In many 
instances reports were made shortly following successful operations A com- 
parison IS available from these data of the opeiative mortality m treatment of 
benign and malignant tumors and to some extent of the late results of 
treatment 


OSTEOMA 

Table I lists data concerning five cases of osteoma of the ribs, including 
fibro-osteoma and one chondro-osteoma There were four women and 
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one man, with ages vaiying fiom 24 to 49 Tnmoi and pam weie the 

only symptoms, but they occuiied togethei m only one case The pam of 
the patient of Klapp'"’^ was caused by piessuie of a tuinoi of the fnst 11b on 
the biachial plexus In Case i of this lepoit the pam was of a pleuritic type 
and was associated with a teinpciatuie of 101° F , pulmonaiy tubeiculosis \Nas 
suspected and loentgenogiaphic study dcinoiistiated the tumoi, which could 
not be palpated The duiation of symptoms vaiied fiom one month to 30 
years All fne tumoi s, the laigest 25 cm m diametei and the smallest 5 cm 
in diametei, ueie successfully lemoved at opeiation Follow-up data aie 
available on only one patient, who is well two yeais aftei operation 
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Author’s Case 1 — M B , white, female, age 25, was admitted July 20, 1938 Foi 
two months she had suffered with mild pleuritic pam beneath the left breast One week 
previous to admission she had consulted a physician, who found her temperature to be 
101° F A tuberculin test was positive, and a roentgenogram revealed a tumor arising 
from a rib on the left Physical examination disclosed a moderately obese white woman, 
with compensated rheumatic heart disease with mitral stenosis and insufficiency There 
was no palpable evidence of a costal tumor Roentgenograms (Figs i and 2) demon- 
strated a well-localized, dense tumor with areas of translucency involving the axillary 
portion of the sixth rib The tumor was thought to be an osteogenic sarcoma, with 
osteochondroma and osteoma as possibilities A left pneumothorax was induced July 21, 
1938 The tumor was removed July 23, 1938, according to the operative procedure 
described alieady A satisfactory recovery from operation ensued, with air and fluid 
being aspirated on several occasions from the^left pleural cavity The patient was dis- 
charged two weeks after operation 

The tumor (Fig 3) was described as an osteoplastic growth on the pleural surface 
of a nb, measuring 6x3x3 cm , with several cystic foci Microscopic examination, after 
ecalcification, showed dense bone with fatty marrow and some proliferating bone 

atJwlogjc Diagnosis Osteoma The patient is well in July, 1940, two years follmving 
removal of the tumor 
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CHONDKOMA 

In Table 11 aie grouped i6 cases of chondroma of the ribs and sternum 
Eleven occmred m men, four m women, and one m a three and one-half 
months’-old boy The ages of 15 patients ranged fiom 21 to 55 years In 
addition to the common symptoms of tumor and pain, dyspnea, mild digestive 
symptoms, and loss of M^eight each occurred once One patient had no symp- 
toms lefeiable to the tumor, which was discovered by fluoroscopic examma- 

riG J Fig 2 



Fig 3 


Fig I — Case i Postero anterior roentgenogram of osteoma of left sixth rib 
Fig 2 — Case i Lateral roentgenogram of osteoma of left sixth rib 
Fig 3 — Case i Longitudinal section of osteoma of nb 

tion during an industrial employees’ health examination With one exception, 
a tumor two centimeters in diameter, the chondromata were of moderate or 
large size All 16 neoplasms were removed surgically, with one postoperative 
death following removal of a football-sized tumor The operative mortality 
m this gioup was 62 per cent Two resections were considered incomplete 
by the surgeons , the two patients are reported living and well, one and five 
years, respectively, following operation Eight additional patients are living 
and well, eleven, seven and one-half, four, three and one-half, two, and one 
and two-thirds }'-ears, and six and five months, respectively, after operation 
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FoIlo\Y-up data aftci opeiativc iccoveiy aie not available on five patients 
In only one case was locntgenotheiapy aclmniisteied aftei opeiation 

The cliondiomala aie often mentioned as tumois likely to become malig- 
nant aftei yeais of benign gionth Such a change may have occurred in 
the cases of Auchincloss.’ whose tumoi was of seven yeais’ duiation at the 
time of lieatmenl, at autopsy a nodule of similai stiuctuie to the costal 
osteochondi oma w as found in a lung The tumoi of Golla s“” patient was of 
14 }eais’ duiation. without malignant change m spite of lecuiience, wdnle 
111 tiie cases of Sokolov.'^ Haipei.‘" and Santy"” the tumois w^eie of ten, six, 
and foul )cais' duiation, lespectivcly befoie tieatment 



Tig 4 — Ci^c 2, Litcnl roenfeeno Fir 5 — Cu«e 2 Oblique rncntRcno 

grnni of recurrent chondronn of {ilatUolut Rrum of recuircnt cboiiclronn of gladiolus 
stcriu, the po'-tenor projection of tin, shim 
tumor oK-unel the he irt is sbou n 


Author’s Case 2 — A O , while, male age 34, was admitted Jamiaiy i, 1932 About 
one icar previously lie had noted a dull ache over the low'er portion of the sternum and 
shortly afterw'ards a small nodule appeared m this region, which w'as hard and wdiich 
grew steadilj October 3, 1931, following a biopsy, a growth the sire of a baseball w'as 
removed from the sternum, lea\iiig only a thin shell of bone posteriorly, from wdiich 
tumor tissue was curetted Ihc neoplasm proniptlj rccuired and giew' rapidly On 
examination the patient presented a mass over the sternum from the level of the second 
rib to the fourth interspace, measuring 5x3x1 inches The tumor was irregular with 
rounded nodules, it was rubbery at the upper pole, but haid and fixed infenoily To the 
right of the midsternal line w'as a four-inch vertical scar centered at the level of the 
third interspace Roentgenographic examination (Figs 4 and 5) show'ed a tumor involv- 
ing the middle third of the sternum, projecting posteiiorly against the heart as w^ell as 
anteriorly , there w'as irregularity in the density of calcification in the tumor A diagnosis 
of osteochondroma w^as made A biopsy specimen showed a cellular chondroma 

Opeiation January 13, 1932 An incision from the suprasternal notch to the xiphoid 
was made with excision of the soft tissue over the tumor The right third and fourth 
cartilage were resected to afford access to the mediastinum The tumor, which was 
a lerent to the right pleura, was dissected free from the pericardium and other mediastinal 
structures after division of the cartilages from the third to seventh, bilaterally Both 
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Author Se-r Age Site Size Symptoms Symptoms tion Treatment Result Diagnosis Remarks 

(i) Sorrel and Oberthur’* M ii 2nd nb an- Large Tumor — — Partial removal Well i yr later Chondroma Tumor adherent to 

teriorly great vessels and peri- 

cardium 
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pleural cavities weie entered, and the pleural openings were later closed with catgut 
sutures The sternum was divided just below the manubrium and above the xiphoid 
The pectoralis major muscles, which had been mobilized, were sutured together and the 
skin closed without drainage 

Following operation the right lung was collapsed about 50 per cent and the left 
only slightly Fluid developed in the right pleural cavity, which became purulent and 
was drained, with rib resection, February 16, 1932 Wound infection occurred and in- 
volved the seventh and eighth cartilages, which were resected in part with some of the 
xiphoid May 9, 1932 The patient was discharged May 13, 1932, with the empyema and 
operative wounds draining 

The tumor, which is illustiated in longitudinal section (Fig 6), was again shown, 
histologically, to be a chondroma The patient returned August 13, 1932, with a tumor 



Fig 6 — Case 2 Longitudinal section of recurrent chondroma of qladioln^ 
stei III, with attached soft parts 


mass at the low^er end of the sternum and a persisting sinus track at the lower end of 
the w'ound August 27, 1932, the wound was explored, with removal of a cystic mass, 
apparently caitilage, one centimeter in diameter On pathologic examination, several 
small islands of atypical, presumably neoplastic cartilage, constituting a recurrence, were 
found , there was no evidence of sarcomatous change 

After the second discharge of the patient a plastic operation was successfully per- 
formed elsewhere, in order to close the persisting right empyema with bronchopleural 
fistula June 20, 1939, seven and one-half years after operation, the patient reported that 
he was quite well and doing full-time work 

Author’s Case 3 — J R, white, male, age 47, was admitted, February 8, 1934, 
complaining of pain in the posterior left thorax of three months’ duration, and of a tumor 
mass of three weeks’ duration Examination revealed a bony hard, fixed tumor the size 
of a small orange just to the left of the seventh dorsal spine Roentgenographic examina- 
tion (Fig 7) demonstrated a somewhat cystic tumor arising from the head, neck, and 
the tubercle of the left seventh rib with pressure deformity of the adjacent ribs and of 
the sixth and seventh dorsal vertebiae, there were thinping and bulging of the cortex 
of the seventh rib The diagnoses considered were giant cell tumor, hemangioma, 
osteochondroma, and osteogenic sarcoma A biopsy specimen, taken February 10, I934i 
showed It to be a chondroma The tumoi was removed February 14, 1934, by resection 
of the sixth to the ninth ribs posteriorly Although the parietal pleura was readily 
stripped from the tumor, several tears were made in it A part of the tumor had ap- 

60 



^ nluinc ll'i 
Niimljcr 1 


NEOPLASMS OF THORACIC WALL 


3 3 tr 

2 ■3 & 


i-sp 

S. !? g. 
S S, M 

DC'' 

B 

3 V “ 

p 


g 3 3 « 
& o ° •< 
o L 

P t/J M 

3 P 
3 P O 3 
3> .J ^ Q, 

^ O C M 

I O 


cr 

S § - 

O ^ M 
H O 

” 5- g 

" 1 3 

S 


g 9 a S' M 

•J £3 O ^ 

cr D- S 2 

O , ^ to 

a-3 g 2. 5 

g o. O 3 

S 2 jj 

O tn < *- 


0 C w 

■a 3 M 2 

1 P I 


^ £- U-. 

•-' J5 


§• 1 " P 

— nag* 
g- 3 O J3 
3 p tr 

° I ° 3 

« 3 p 

*2 p w 

gaff 

5. *{* o 

cr I I 


Is 

2 ■§ p W 

« « S' 

p 3 ►-* 
3 O O 
2 . 52 ^ 


S O a 

8 :iQ 
3 " g 

p H* 


S O 

3 o a M 

D "1 Ki 5 ^ 

2 3 n> 

3 2 p 9 

P pi 2* p 


61 


111 MGN riANT CLU TUMOR 



SOMMER, Jr, AND MAJOR 


Annals of Surperv 
January 1942 


parently invaded the vertebral bodies, and this part was not removed The wound was 
closed without drainage after expansion oi the lung Convalescence was complicated by 
a sanguineous left pleural effusion that became purulent Intercostal drainage was fol- 
lowed by open drainage, with rib resection The patient was discharged June 8, 1934, 
with a narrow, draining track, which later healed 



Tig 7 — Cise 3 Postero anterior ro Fig 8 — Case 4 Lateral roentgeno- 

entgenogram of chondroma of posterior gram of a \er> early chondroma at joint 
end of seienth left rib between manubrium and gladiolus stcrni 


Pathologic examination confirmed the earlier diagnosis of chondroma growing in 
cancellous bone The patient reported himself quite well, March 27, 1939, five 3"ears 
after operation 

Author’s Case 4 — C V , white, male, age 26, entered the hospital, November 27, 
i934> complaining of a lump over the upper sternum, which had slowly increased in size 
since Its appearance six months previously Four months before admission, pain on 
pressure over the tumor had become noticeable and for three months cough and expectora- 
tion of thick sputum, tinged with blood, had been present Twenty-six pounds had 
been lost during the previous two years Examination disclosed a red, tender, firm 
swelling over the sternum, three centimeters below the suprasternal notch Roentgeno- 
grams (Fig 8) showed an irregular moth-eaten appearance of the joint between the 
manubrium and gladiolus stcim with some tumefaction external to the anterior sternal 
surface , sclerosis of the surrounding bone was present There was evidence 111 the films 
of inactive, minimal, right apical pulmonary tuberculosis November 28, 1934, the tumor 
was exposed and found to project seven millimeters anterior to the joint between the 
manubrium and gladiolus and to reach two centimeters above and below the joint The 
tumor, together with the joint, w'as removed No pus or other evidence of inflammation 
was found Bone was removed to a depth of one centimeter from the anterior sternal 
surface— entirely removing the neoplastic tissue, and the wound was closed in layers, 
without drainage 

Histologically, the decalcified tissue of the tumor showed atvpical new formation of 
cartilage in small nodular masses replacing bone, no defensive exudation inflammation 
was present, but there was new formation of connective tissue in the marrow spaces 
The diagnosis was chondroma or osteochondroma, which was not sufficiently cellular to 
be regarded as sarcomatous Roentgenographic study, November 15, 1935, one year 
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later, showed complete filhng-m of the operative defect When seen April 6, 1937, the 
patient presented no evidence of tumor January 6, 1939, four years after operation, he 
had no signs or symptoms referable to the steinal chondroma 

Author’s Case 5 — M B , white, female, age 55, was admitted, November 3, 1937, 
complaining of a lump over the lower left ribs for the past year with some pain and 
tenderness The mass had grown slowly for seven months before admission Four years 
previously she had suffered possible fractures of the ribs in the region of the lump A 
stony hard, fixed mass, was palpable in the left midaxillary line and was attached to the 
tenth rib All borders were well defined except the inferior, which seemed to reach 
almost to the crest of the ilium A pyelogram showed a normal position of the left kidney 
and roentgenograms of the thoracic wall, a somewhat loculated tumor arising from the 
left tenth rib in the midaxillary line without apparent invasion of adjacent ribs The 
diagnosis of giant cell tumor with probable malignant change was made, osteochondroma 
and chondrosarcoma were also considered The tumor was removed November 9, 1937 
A diagnosis of myxochondroma was made from frozen-section examination of a portion 
of the tumor The ninth, tenth, and eleventh ribs were divided at the level of the lateral 
border of the sacrospinalis muscle The tumor was removed en masse after opening of 
the pleura The peritoneum was dissected from the tumor The patient was discharged 
two weeks later 

The tumor measured 1 0x8x8 cm , it was surrounded by fat, and three ribs extended 
into it Paraffin sections demonstrated more bone formation than had the frozen sections 
A diagnosis of osteochondroma, which was somewhat invasive where it made contact 
with muscle, was made The patient was reported as well, without recurrence, by her 
family physician, July 7, 1939, 20 months after operation 

BENIGN GIANT CELL TUMOR 

Because of the rarity of benign giant cell tumor of the iibs, it seemed of 
interest to review all the cases adequately described m the hteiature In 
1935, Samson and Haight®^ presented an example fiom the University of 
Michigan Hospital Additional follow-up information is available on this 
patient and is given 111 Table III, with data regarding six other patients from 
the papei of Samson and Haight, and two reported since 1935 Three cases 
included by Samson and Haight have been omitted because of unsatisfactory 
reports Among the gioup listed are the instances repoited originally by 
Fort,^^ and Gatewood^® as saicomata, the diagnoses having been changed by 
the Bone Sarcoma Registry of the American College of Surgeons to benign 
giant cell tumor 

Five of the benign giant cell tumors listed 111 Table III occurred in men, 
and four in women The ages ranged from nine to 49 years Tumor and pain 
were the only symptoms except for weight loss in one case with malignant 
change The symptoms were of two months’ to two years’ duration Two 
patients were treated only with radium and roentgenotherapy, respectively, 
with apparently good lesults, and are reported as living ii years, and one 
yeai and ten months, respectively, following treatment The remaining seven 
patients w'ere treated by operative removal of the tumors with one postopera- 
tive death occurimg following the removal of a chondro-osteogenic sarcoma 
arising in a benign giant cell tumoi A second patient died of bronchial car- 
cinoma two and one-half years after successful removal of the benign giant 
cell tumor The remaining five patients all represent “five-year cures” by 
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suigical tieatment, and are reported living and well from 17 to five and one- 
thii d years aftei operation , one patient had radium therapy after removal of 
the tumor 

The case of Samson and Haight®® is listed as osteitis fibrosa cystica by 
the Bone Sarcoma Registry of the American College of Surgeons No refei- 
ence to this disease affecting the ribs or sternum has been found in the 
literature 


OSTEOGENIC SARCOMA 

Table IV lists 18 cases of osteogenic saicoma of the ribs and two of the 
sternum, 14 occurring m men and six in women The ages varied from 12 to 
66 yeais Aside from the symptoms of pain and tumoi, pathologic fiactuie, 
palpitation and dyspnea, each occurred one time The symptoms varied m 
duiation from one week to eight years One patient was not tieated because 
of the presence of metastases to the regional lymph nodes and extensive local 
infiltiation of the tumoi The neoplasms of 19 patients were removed at 
operation, with one postopeiative death of a patient whose tumor was exten- 
sively adherent to the lung and diaphiagm Roentgenotherapy was adminis- 
tered m thiee instances following operation, once in conjunction with Coley’s 
toxins One patient leceived pieoperative roentgenotherapy and Coley’s 
toxins after the incomplete removal of an extensive chondi osai coma Six 
patients are reported dead, one postopei atively and one without treatment, 
one lived ii years aftei the initial symptoms, before dying of his disease, six 
years aftei a second operation Five patients are reported living with recur- 
lent and metastatic lesions, and one additional patient, recently, has had a 
resection of the lower lobe of the right lung foi an hematogenous metastatic 
tumor Six patients are living without disease fiom two months to three 
years after treatment Follow-up information, other than of operative re- 
covery, IS not available on two patients No five-year cures are leported 

Some evidence bearing upon the occui rence of malignant change in benign 
costal neoplasms is affoided by Cabot Case No 24212,^® in which a costal 
tumor was removed foui times before a metastatic pulmonary lesion became 
apparent The untreated Case 8 of this ai tide died of a massive tumor of eight 
years’ duration, the growth of which had been slow until shortly before death , 
metastases to regional lymph nodes weie present 

Author’s Case 6 — ^J B , white, male, age 34, entered the hospital December 6, 
1932 Eight months previously he had fallen ten feet, striking the right side of his back 
and fracturing several ribs Three months before admission he had noted a lump on the 
right side of the chest, accompanied bv severe pain, the tumor and pain had persisted 
An orange-sized mass was palpable at the level of the eighth to tenth right ribs lateral 
to the spine Pathologic examination of gelatinous material aspirated from the tumor 
demonstrated it to be a chondrosarcoma but not sufficiently cellular to make metastasis 
likely Roentgenograms showed an increase m the soft tissue shadow of the right thoracic 
region due to the tumor, with erosion of the eighth and ninth right transverse vertebral 
processes and of the vertebral portion of the right tenth rib A number of discrete calcified 
lesions of the lungs were thought to be of tuberculous origin Roentgenotherapy, with a 
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total dosage of i,6oo roentgen units was administei ed, and the patient was discharged 
He was readmitted and, Januaiy 13, 1933, the tumor was found at operation to have 
infiltiated the sacrospinalis muscle and to have invaded the thorax to an extent that 
made complete removal impossible Coley’s toxins were given after this operation without 
benefit He again returned to the hospital suffeiing with severe pain and a complete 
transveise myelitis, which was not lelieved by laminectomy He died September 12, 1933 
Postmoitem examination disclosed extensive pulmonaiy and epidural metastases in the 
region of the dorsal cord with one intradural tumor mass 



Fig 9 — Case 7 Postero anterior roentgenogram of chondro 
sarcoma of right sixth rib 


Author’s Case 7 — V W , white, female, age 24, was admitted November 30, 1937 
In June, 1937, she had noted for two days sharp pain m the light axillary legion and 
beneath the right breast, which had been aggravated by deep inspiration and movement 
of the right arm During July, 1937, stiffness oi the right arm was present, with cough 
and expectoration of foul yellow sputum For three weeks prior to admission the patient 
had been aware of a swelling m the right axillary region, with a sensation of heaviness 
of the arm On examination, there was felt a fixed tumor mass beneath the right pos- 
terior axillary fold, two small nodes were palpable in the right axilla and one m the 
left, and there was some fulness of the right supraclavicular region Roentgenologic 
examination (Fig 9) demonstrated a tumor arising from the axillary portion of the 
sixth rib, with irregularity in its architecture and elevation of the periosteum, secondary 
pressure deformity of the seventh rib was present, and the tumor extended into the chest 
A diagnosis of Ewing’s sarcoma was considered most likely, although osteogenic sarcoma 
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was thought possible A biopsy specimen of the tumor was reported as a probable 
sclerosing carcinoma, with scatteied spherical and polyhedral cells of epithelial type 
Two lymph nodes, A\hich histologic evamination showed were normal, were removed 
from the right supraclavicular fossa A right pneumothorax was induced, and attachment 
of the lung to the tumor was seen roentgenologically December 17, 4937, the lobulated 
tumor protruding betw'een the sixth and seventh ribs was exposed The thoracic cavity 



Tig 10 — Case 9 Cliondrosnr riG ii — Case 9 Lonsitudmal secUon ot chotidrosarcoma of 
coma of gladiolus stcriii gladiolus stcrni (Cf 7) 


was opened through the bed of the resected fifth rib, well above the tumor, which was 
removed ivith segments of the sixth and seventh ribs, w’hich w'ere divided far anterior 
and posterior to the neoplasm, after ligation and division of the intercostal vessels Sharp 
dissection w'as used to free the tumor from the lung The patient made a satisfactorj’- re- 
covery, and ivas discharged January 9, 1938 

On cross-section, the tumor was seen to be composed of a soft tissue mass, six 
centimeters m diameter, surrounding a rib, from w'hich spicules of bone radiated 
^Microscopically, the tumor was a malignant neoplasm made up of spindle cells around 
foci of atypical cartilage, part of the neoplasm, a chondrosarcoma, showed hvaline 
fibrosis , other foci w'ere highly cellular wuth hyperchromatic nuclei The opinion w'as 
expressed that local recurrence, rather than distant metastases, was to be feared The 
patient returned August 13, 1938, wnth a sw'elling at the level of the fourth dorsal spine 
and mild pain radiating to the right scapular region By December 12, 1938, this mass 
had increased in size and a biopsy specimen showed the same histologic structure as 
that of the tumor originally removed Roentgenotherapy caused complete regression of 
the palpable tumor In June, 1939, a metastatic lesion in the right lung was found and 
treated by roentgenotherapy Further 1 oentgenotherapy w'as administered because of pain 
in the shoulder region In October, 1939, the patient became paraljzed, following collapse 
of the first dorsal vertebra Death from multiple widespread metastases occurred January 
25, 1940, 25 months after operation 

Author’s Case 8 — K Z , white, male, age 66, was admitted December 17, 1938 He 
had noticed a small lump in the midline of the back eight 3 ears previously Slow growth 
had taken place, until a rapid increase m size began in the Spring of 1938 The tumor 
was excised in September, 1938 but rapidlv recurred, with an accompanying lump m the 
left axilla Examination showed an irregular, firm mass five inches in diameter, fixed to 
the deep structures and lying across the midline, from the fourth to the tenth dorsal 
vertebrae A scar, six inches long, la}' across the tumor, above which was a firm, freely 
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movable nodule one inch in diameter A golf-ball-sized mass was present in the left 
axilla and a smaller one m the light axilla Roentgenographic examination of the thorax, 
111 the lateral projection, demonstiated an ill-defined conglomerate mass of punctate density 
m the soft tissue of the posterior thoracic wall, which was thought to represent piobable 
calcification m the tumor The left axillary mass was removed and found, histologically, 
to be a myxochondi oma adjacent to, and invading, a large lymph node, with wide infiltra- 
tion of surrounding fat The tumoi was desciibed as highly cellular and a lecuirence 
with sarcomatous changes was predicted The patient was discharged January 4, 1939, 
and died February 5, 1939 

Author’s Case 9 — E C , white, male, age 49, entered the hospital February 28, 
1940 For five months he had noticed a progressively growing nodule located over the 
centei of the sternum Slight cough and ease of fatigue had been present for one month 
A poition of the mass had been removed one week previously and a diagnosis of 
chondrosarcoma made by histologic study Over the midportion of the sternum (Fig 10) 
a firm, slightly tender mass was palpable, which was four centimeters in diameter and 
was elevated one centimeter above the sui rounding tissue A healing surgical scai lay 
over the tumor Roentgenographic examination showed a destructive lesion involving 
the middle and lower portions of the sternum Review of the pathologic sections con- 
fiimed the diagnosis of chondrosarcoma, which was more likely to recur locally aftei 
incomplete excision than to give rise to distant metastases The patient was discharged 
to return after complete healing of the biopsy incision The patient was readmitted, and, 
March 18, 1940, the tumor and steinum were removed The third to the seventh left and 
the right costal cartilages were divided lateial to the tumor and the sternum was transected 
just below the manubrium The tumor was caiefully freed by blunt dissection from the 
pleurae and from the prepericardial fat A small tear in the left pleura was left open to 
provide for drainage of wound serum into the left pleural cavity, so as to avoid cardiac 
tamponade The wound was closed by mobilization and sutuimg together of the pec- 
torahs major muscles in the midlnie, and by closure of the skin without external drainage 
On the second day following opeiation intratracheal and mtrabronchial catheter suction 
was employed to remove bronchial secretions Further convalescence was uneventful 
The patient was discharged April 20, 1940 

Pathologic examination of the tumor (Fig ii) again confirmed the diagnosis of 
chondrosarcoma A marked similarity of the specimen to that of Case 2 (Fig 7) was 
noted The roentgenographic appearance of the two neoplasms was also quite similar 
The patient was well, May 21, 1940, two months after operation 

swing’s sarcoma 

Table V lists data regaidmg 18 patients suffering with Ewing’s saicoma, 
appaiently piimaiy in ribs In an effort to list all available cases of Ewing’s 
saicoina, primaiy in the bony thoiacic wall, in the literature, the cases of 
Hedblom,^®’ and Han ington,^'* reported as sarcoma and endothelioma, le- 
spectively, have been included since, fiom the published descriptions, the 
tumors weie in all likelihood examples of this neoplasm In addition, the 
case of Reeves and Kassabach,®^ included by Hedblom,^^ and two of Ge- 
schickter and Copeland,^’^ omitted by Hedblom,^® have been listed In review- 
ing the cases collected by Hedblom,^^ five pi obable instances of Ewing’s sar- 
coma weie found in the lepoits of Key,'’*^ de Veinejoul, and Astiei,^® 

Denk,^*^ Polloson and Novel,^® and Hai 1 ington these cases aie not listed 111 
Table V, since the evidence is not positive that they repiesented Ewing’s 
sai coma 
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Initial Other Dura- Histologic 

Author Sex Age Site Size Symptoms Symptoms tion Treatment Results Diagnosis Remarks 

(i) Hedblom’8 ” M is 4th rib anteriorly 12x6x4 Pain Tumor 9 mos Removal with 3rd Died 5 mos later of Sarcoma Photomicrograph 

and laterally cm 4th sth ribs, x ray recurrence and course typical 

of Ewing s sarcoma 
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The symptoms of the listed cases of Ewing’s saicoma of the ribs are 
tumoi and pain with the addition of dyspnea, pleurisy, and pleural effusion, 
each two times , and fevei , malaise, loss of weight, cough and paraplegia from 
metastases, each once Thu teen patients weie men, and five weie women, 
whose ages vaiied fiom lo to 30 years In no case had symptoms been present 
foi moie than one yeai befoie treatment The tumors weie treated by opera- 
tion alone in four instances, and by opeiation combined with irradiation m 
SIX instances , Coley’s toxins wei e administered to one of the lattei gi oup of 
patients Iiiadiation alone was the tieatment administered to eight patients 
Theie weie no deaths due to opeiation 

The lesults of tieatment of Ewing’s saicoma of the iibs weie pool Four- 
teen of the 18 patients aie lepoited dead of then disease, ten dying 13, or 
fewer months aftei treatment, and three, two, thiee, and six years, respec- 
tively, after treatment The duration of life befoie death of one patient 
IS not stated One patient is lepoited living with disease and one-half yeais 
aftei tieatment, and another as living and well two months after treatment 
Follow-up data are not given legardmg two patients The best therapeutic 
result IS that alieady described in the patient lepoited by Bergstrand ,®’ this 
boy, age 15, lived six yeais aftei lemoval of the appaiently pi unary costal 
tumor, and on two occasions veiy extensive pulmonary metastases disappeaied 
following roentgenotherapy While successful suigical lemoval would cer- 
tainly be possible, should a case be diagnosed and treated before metastases 
have occuiied, it seems likely that roentgenothei apy will be the chief reliance 
in treatment of Ewing’s sarcoma of the iibs In many instances extensive 
tumoi s weie piesent among the listed cases, often with metastases chaiac- 
teiistically involving other bones, the lungs, and pleura Earlier diagnosis 
should, occasionally, be made if Ewing’s saicoma is borne in mind during 
the examination of patients complaining of costal pain without apparent 
cause and with or without palpable tumor The neoplasm invariably occurs 
in pel sons youngei than 30 years of age 

Author’s Case 10— L H, white, female, age 22, was admitted, July 16, 1937, com- 
plaining of a tumor in the left thoracic region of two and one-half months’ duration, 
that had been called to her attention by severe pain The tumor had grown steadily 
One month before admission she had been delivered of a normal child at term The 
patient appeared chronically ill Just behind the posterior axillary line, overlying and 
fixed to the tenth, eleventh, and twelfth left ribs was a firm, slightly lobulated, not tender 
undiscolored mass measuring 9x8 cm No bruit or thrill was present Roentgenologic 
examination demonstrated destruction of a portion of the tenth rib and elevation and 
paralysis of the hemidiaphragm No Bence-Jones protein was present in the urine, al- 
though albumen was 

Examination of the blood disclosed 55 per cent hemoglobin (94 Gm ) , 4,290,000 
red blood cells, 8,100 white blood cells, with 54 per cent polymorphonuclear neutrophils, 
21 per cent large lymphocytes, 4 per cent small lymphocytes, ii per cent monocj'tes, 
and II per cent eosinophils, with plasma cells present, and platelets in normal quantities 
One per cent of the red blood cells were reticulocytes Dr Raphael Isaacs, who examined 
the patient and the blood stated “A hypochromic, hyperplastic t3'pe of anemia is present 
suggestive of a chronic nephropathy Marked eosinophilia is present Thrombosis should 
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be expected if operative procedures are used While the plasma cells are suggestive of a 
myeloma, hypernephroma should be considered in the differential diagnosis ” 

Pathologic examination of a specimen from the tumor secured by punch biopsy, 
demonstrated a round cell sarcoma without evidence of bone formation, which was prob- 
ably an endothelial myeloma (Ewing’s sarcoma) but which might have been a primitive 
myeloblastoma Roentgenotherapy was begun and the patient was discharged, the therapy 
being continued at home She died shortly afterwards of widespread metastases 

FIBROSARCOMA 

Six instances of fibiosaicoma involving iibs are listed in Table VI The 
neoplasm probably did not in any case oiiginate in the bones, although it was 
intimately associated with them at the time of tieatment, this sequence is 
cleaily illustrated by Case 12 of this lepoit Three men and thiee women 
fiom 34 to 61 yeais of age weie affected The symptoms of the laige tumois 
were of from four months’ to four and one-half years’ duiation Two pa- 
tients were tieated with roentgenotheiap)^ and the remaining foui weie treated 
by operation, with one postoperative death From this small group of cases 
the lesults of theiapy aie not encouraging, since four patients aie dead, one is 
living with metastatic lesions, and information aftei opeiative lecoveiy is not 
available about one patient 

Author’s Case ii — E P, white, female, age 46, was admitted June 17, 1932 For 
two years a sensation of heaviness had been present m the posterior, left thoracic region 
Since the patient had struck the left chest two months before admission, sharp pain 
radiating anteriorly was felt She had noticed a lump, which had reached orange-size, 
over the left chest posteriorly for one month The debilitated patient was extremely 
uncomfoi table, and a tender fist-sized tumor was palpable in the region of the left 
seventh, eighth, and ninth ribs posteriorly Enlarged lymph nodes were palpable m both 
axillae and above the left clavicle Roentgenographic examination demonstrated a soft 
tissue mass lying over the posterolateral portion of the left thorax, with destruction of 
segments of the seventh and ninth ribs and erosion of the eighth rib Pathologic examina- 
tion of a portion of the tumor removed showed it to be a large cell fibrosarcoma with 
extensive necrosis Roentgenotherapy was ineffective m controlling the pain caused bj’’ 
the tumor, which increased m size The patient was discharged and died in September, 
1932, two months later 

Author’s Case 12 — J P, white, female, age 50, was admitted Maich 21, 1935 
Four months previously she had become aware of tightness about the right scapula, espe- 
cially when abducting the arm During the four weeks prior to admission a mass, which 
had grown rapidly, was present near the right scapula On examination, a lubbery, 
tender tumor, fixed to the deep structures, was palpable between the light scapula and 
the spinal column, it extended the entiie length of the scapula Roentgenographic study 
showed a soft tissue tumor over the right chest posteriorh’’ with pressure atrophy or 
invasion of ribs, especially the third, fourth, and sixth Right pneumothorax was induced 
Apiil 8, 1935 Roentgenograms then demonstrated that the tumor extended into the 
thoracic cavity The tumor, which was regarded as a neurofibroma, lipoma, or sarcoma, 
was exposed through a thoracoplasty incision April 12, 1935 Frozen-section examination, 
of a portion removed, showed the neoplasm to be a fibrosarcoma The tumor was re- 
moved by division and resection of portions of the second to the eighth ribs and removal 
of the corresponding vertebial spinous and transverse processes with portions of the 
laminae The saciospinalis muscle had been invaded but not the pleura, which was opened 
widely The patient died on the fifth postoperative daj Necropsy demonstrated that 
death was due to bilateral pulmonary atelectasis 
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(i) Takabatake’* M 6i 3rd rib ante- Head Tumor — • I yr Removal ivith Died a few mos Fibrosar- 

riorly and 3rd 4th ribs later coma 
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Pathologic examination showed the tumor, which passed between the ribs and was 
closely adherent to them and infiltiated the costal periosteum, to be a spindle cell fibrosar- 
coma with moderate differentiation 

UNCLASSIFIED SARCOAIA 

Table lists data concerning five patients suffering with tumois de- 
scribed as round cell saicoinata, foui involving the iibs and one the sternum 
Tliiee patients weie men, and two women The ages varied from foui to 
29 yeais Tumoi and pain weie the only symptoms One veiy laige tumor 
of the sternum was meiely biopsied, and the four neoplasms of the iibs 
weie resected, with one death due to opeiation The most mteiestmg case 
IS that of Hautefoit,^® m which the middle lobe of the right lung, adherent 
to the tumoi, was successfully lemoved, with the tumor and three iibs, fioni 
a foui -yeai -old child No adequate follow-up infoimation is available about 
these patients other than on the one dying postopei atively 

Hodgkin’s disease and lymphosarcoma 
Data are given, in Table VIII, legaiding four patients with Hodgkin’s 
disease of the steinum and ribs, and two with lymphosarcoma of the ribs 
The sex of one patient is not stated, and three were men, and two women 
The ages vaiied fiom 9 to 39 yeais The duiation of symptoms of four 
cases was lelatively long — fiom thiee to six yeais, the duiation of symptoms 
of two cases was six months and one and one-half years Three patients 
were tieated with 1 oentgenotherapy alone, one had an extensive resection 
of the anterioi thoiacic wall some time after radiation therapy, one had a 
limited removal of the involved bones with later 1 oentgenothei apy , and the 
sixth was treated with excision alone Thiee patients with Hodgkin’s dis- 
ease are reported living six, 16 and 18 months, 1 espectively, after treatment, 
one each with Hodgkin’s disease and lymphosai coma are dead, and one with 
lymphosai coma is reported as surviving operation 

In all likelihood the gieat majority of tumois of the lymphoblastoma group 
involve the bony thoiacic wall secondaiily The close anatomic relationship 
of the mediastinum to the anterioi thoiacic wall explains invasion of the 
sternum and antei 101 ribs by Hodgkin’s disease of the mediastinum Harring- 
ton, Dorsey, and StrohF^ desciibed a Hodgkin’s tumor presenting through 
an intercostal space on the anterioi thoiacic wall without rib involvement 

Author’s Case 13 — F D, white, female, age 28, was admitted March 29, 1934 
In September, 1932, 19 months previously, a bulging of the anterior thoracic wall accom- 
panied by dull pain had appeared After roentgenologic study the mass was incised m 
July, 1933 Tubercle bacilli could not be demonstrated in the caseous material removed 
at this time A therapeutic abortion was performed m October, 1933, because of sus- 
pected pulmonary tuberculosis Several hemoptyses occurred m the months just prior 
to admission Examination disclosed a firm orange-sized mass fixed to the sternum at 
the level of the second and third ribs A surgical scar ran over the center of the mass, 
and thin seropurulent material drained from a sinus at its base Roentgenologic study of 
the lungs and thoracic wall, in the postero-anterior, oblique, and lateral projections, 
demonstrated an infiltrating lesion of the anterior portion of the upper lobe of the left 
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lung with central excavation, which was considered tuberculous Gross destruction of 
the manubrium and upper ghtd'iolus sfenn was present, with involvement of the left 
second and third costal cartilages Tubercle bacilli could not be found in smears made 
from the fluid draining from the sinus Nevertheless, a diagnosis of tuberculosis of the 
thoracic wall was made The tumor mass was, in part, excised and found to be com- 
posed of a hard shell of tissue covering a caseous mass that extended into the mediastinum 
and lung 

The histologic diagnosis of Hodgkin’s disease was later confirmed by examination of a 
lymph node removed from the left axilla A considerable clinical and roentgenologic 
improvement followed the administration of 800 units of roentgenotherapy The improve- 
ment continued when the patient was last seen, September 25, 1934, five months after 
treatment She died, elsewhere. May 12, 1936, two jears after roentgenotherapy 

MISCELLANEOUS NEOPLASiMS 

Table IX lists data lelative to three patients sufifenng fioin a fibroma, a 
schwannoma, and a neurofibroma, lespectively The fibroma was a primary 
costal tumoi, while the schwannoma and neurofihioma weie m close relation- 
ship to ribs Case 15 of this repoit illustiates the close association of a 
benign tumor of neive sheath oiigin to the iihs, which required the resection 
of two libs and the peiiosteum of anothei with the tuinoi The pathogenesis 
of schwannoma and neurofibroma will not he discussed here All three 
patients weie treated by opeiation The two with fibioma and neuiofibroma 
are living and well 34 and 28 months, 1 espectively, after opeiation and the 
one with schwannoma is lepoited merely as suivivmg operation 

Author’s Case 14 — A A , white, male, age 27, was admitted, December 21, 1932, 
complaining of pain m the back and knees of some months’ duration Roentgenograms 
of the spine, which confirmed the clinical diagnosis of arthritis, revealed also a tumor of 
the posterior portion of the left tenth nb Further roentgenographic study (Fig 12) 
demonstrated the homogeneous, expansile tumor covered by a thin shell of calcified 
tissue The tumor, which had not broken through its bony cortex, was removed with 
the adjacent portions of the left tenth nb, January 9, 1933 The pleura was not opened 
The patient was discharged some time later after treatment of the arthritis 

The pathologic diagnosis was a very cellular fibroma approaching a spindle cell 
sarcoma November 23, 1935, 34 months after operation, the patient was well, without 
recurrence of the tumor 

Author’s Case 15 — V W, white, female, age 30, was admitted February 4, 1938 
A roentgenographic examination (Fig 13), December 10, 1937, had been made because 
of discomfort in the chest and had revealed a circumscribed mass in contact with the 
fourth to sixth ribs in the right posterior axillary line Two and one-half years previ- 
ously, the patient had had an attack of pleurisy with effusion No change in the mass, 
which was associated with slight irregularity of the fourth nb, was noted in another 
study one month later Physical examination of the patient found no evidence of a 
thoracic wall tumor The diagnoses considered were tuberculous abscess, pulmonary 
tuberculosis, and primary or metastatic tumor February 3, 1938, the tumor, together 
with the adjoining segments of the fourth and fifth ribs and the periosteum of the sixth 
nb, was removed The tumor, which extended beneath the sixth nb, was dissected 
bluntly from the lung Aspiration before section of the ribs had demonstrated the mass 
to be solid The patient was discharged ii daj's after operation 

The specimen consisted of portions of two ribs seven and one-half and nine centi- 
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meters long, respective!}', with an encapsulated tumor, 5x3 cm , firmly attached to one 
nb Microscopic examination showed the tumor to be a neurofibroma, probabl} arising 
from an intercostal nerve, although this could not be definitely demonstrated, the ribs 
were not involved The patient was quite well in May, 1940, 28 months aftei operation 

METASTATIC TUMORS 

During the study of the hospital recoids many instances of malignant 
tumoi s, metastatic to the ribs, were found The sites of primal y 01 igin wei e 



I*iG 12 — Case 14 Posteio anteiior roentgeno 
giam of fibioma of left tenth nb 





Fig 13 — Case 15 Posteio interior roent 
genogiani of neurofibroma, closely adherent to 
the right fourth, fifth, and si\th ribs 


in many difteient oigans In seveial cases the metastatic costal tumors were 
the piesentmg lesions Ciile^' has discussed pulsating tumors of the sternum, 
metastatic from carcinomata of the thyioid and kidney Roth and David- 
son®’^ have reported an additional case of pulsating sternal tumor secondary 
to an hypernephroma 


summary 

Data have been presented legarding 66 cases of neoplasms of the bony 
thoracic wall, collected from the literature since 1933, and 15 cases from 
the University of Michigan Hospital, the collected cases include two of 
Ewing’s sarcoma lepoited by Geschickter and Copeland,^’’^ in 1931, and not 
included 111 Hedblom’s®® 1933-1 eport In considering benign giant cell tumor 
and Ewing’s saicoma, an effoit has been made to gather all known cases 
from the hteratuie, foui and three cases, 1 espectively, were leported prior 

I933> addition to the two mentioned These seven cases were included 
by Hedblom 

The treatment of the gieat majority of tumoi s of the bony thoracic wall 
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has been by operation, at which an effort was usually made to remove the 
neoplasm completely In some instances several operations were performed 
Twenty-seven cases of benign tumors (osteomata, chondromata, benign giant 
cell tumors, fibroma, schwannoma, and neurofibroma) reported since 1933, 
were treated suigically, with one death due to operation (3 7 per cent) 
Thirty-six malignant tumors (osteogenic saicomata, Ewing’s saicoma, fibro- 
sarcoma, unclassified round cell sarcomata, Hodgkin’s disease, and lympho- 
sarcoma) reported since 1933, were treated by operation with three deaths 
due to operation (8 5 per cent) Radiation therapy was employed in con- 
junction with surgery m a number of instances Fourteen .patients (seven of 
them with Ewing’s sarcoma) weie treated with radiation alone, and two 
patients received no treatment whatever 

Although extensive follow-up information is, unfoi tunately, not available 
for any group of cases except those of benign giant cell tumor, some con- 
clusions as to the results of therapy may be drawn The greatest therapeutic 
success has been obtained in benign giant cell tumoi , with five cures of more 
than ten years’ duiation, and one of more than five, four of the cures of 
long duration are in patients reported prior to 1933 Among the patients 
with chondromata, there are three five-year cures, and three patients are living 
and well more than two years after operation One patient, who was operated 
upon for an osteoma, is living and well, two yeais later, and patients with 
a fibroma and a neurofibroma are well 34 and 28 months, respectively, after 
operation The striking fact about the 33 patients with benign tumors is that 
only three are reported as dead 

Among the malignant tumor groups there is no case with a five-year cure, 
and only two of osteogenic sarcomata with three-year cures The most 
discouraging group from the standpoint of therapy, is that of Ewing’s sarcoma, 
with 14 of 18 patients reported dead, and one reported living with recui- 
rence, adequate follow-up information is not available relative to the other 
three patients Of the 20 patients with osteogenic sarcoma, six are reported 
as dead, and five as living, with recurrent and metastatic tumors Four of 
the SIX patients with fibrosarcoma ai e reported as dead, and a fifth as living, 
with metastases 

Long periods of follow-up are not given for the five patients Avith un- 
classified sarcomata, and the six patients with tumors of the lymphoblastoma 
group, although one and two, respectively, are known to be dead There 
IS a marked difference in the results obtained from treatment of the benign 
and malignant groups of tumors affecting the ribs and sternum Twenty- 
seven of the 55 patients with malignant tumors aie known to be dead 

Complete surgical removal of tumors of the ribs and sternum appears to 
be the most effective form of therapy The mortality of surgical treatment 
of these tumors has been low in recent years Very extensive operations have 
been carried out successfully to remove huge tumors, even those directly in- 
volving the lung Roentgenotherapy has been ineffective, except m two cases 
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of benign giant cell tumor and, palliatn'ely, in one case of metastatic Ewing's 
saicoma 

The authors acknowledge, with appreciation, the follow-up information regarding 
patients given to them bj' Professor Hildmg Bergstrand and Dr Ethan Flagg Butler 
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AUTOPLASTIC TRANSPLANTATION OF SPLENIC TISSUE, IN 
MAN, FOLLOWING TRAUMATIC RUPTURE OF THE SPLEEN 

Robert A Hamrick, M D , 

Birmingham, AluV 

AND 

Jasper D Bush, MD 
Uni\tirsiti, Ala 

FROM DI\ ISION A SURCICM SFRMCE VND DEPARTMENT OF PATIIOLOGI HILLMAN IIOSPITAI BIRMINCIIVM ALA AND 
DEPARTMENT OF PATHOIOGA, UNH ERSITA OP ALABAMA MEDICAL SCIIOOI UNHEUSITl, ALA 

At the Hillman Hospital, Birmingham, Ala, duiing a seven-year 
peiiod, from 1933 through 1939, there weie 457 cases with acute abdominal 
injury, including penetrating wounds, as well as subcutaneous injury, ad- 
mitted to the hospital Among these cases, only 17, or 3 7 pei cent, of the 
whole numbei, weie instances of traumatic rupture of the spleen Accoiding 
to Berger,® about 51 pei cent of individuals who expeiience acute lupture 
of the spleen, die of hemorrhage within one hour of the accident Of those 
that survive this piimary mortality, 15 to 55 pei cent will die within a few 
daj'-s, in spite of the best modern suigical tieatment foi acute traumatic 
rupture of the spleen Besides this, theie is a huge fatality late of 90 to 100 
per cent, for individuals suffering such an accident, who refuse, 01 do not 
leceive surgical intervention Consequently, human suivivals of traumatic 
ruptuie of the spleen are, indeed, small in numbei The chances of a pei- 
son in this group of suivivals, eithei having an abdominal surgical explora- 
tion, or coming to autopsy examination at some future date, vould be 
proportionally much less, which may account for the rare disclosuie of the 
condition which was found upon postmoitem examination of the abdomen, 
111 the case to be described The numeious spleen-like nodules found scat- 
tered over the peiitoneum, including the surfaces of the omentum, small and 
laige bowel, the diaphragm, and the pelvic cavity, weie not accessory spleens, 
but small splenic implants These implants grew from viable splenic pulp 
cells dispersed ovei the peiitoneal cavity, as a result of the intra-abdominal 
splenic hemoirhage, when this noimally vascular organ ruptured Some of 
these viable cells, normally situated in the splenic parenchyma, were torn 
away by the force of the trauma and bleeding, to float with the hemorihage to 
a new location, and giaft themselves diffusely on living peritoneum With 
the passage of time, a fibrous reaction, 01 capsule, formed about these nests 
of splenic cells, as they underwent division and growth, in their new beds 
Parenchymatous cells of no othei abdominal organ are known to exhibit 
similar chaiactenstics , excepting, possiblj'-, the uterine endometiium 

Case Report — Hosp No 101843 H M, colored, male, age 9, entered Dnision A, 
Surgical Service, Hillman Hospital, September 30, 1935, about five and one-balf hours 
after he had fallen out of a tree, striking his abdomen on the ground Abdominal pain 
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was immediateb complained of, mainlj' in the region of the umbilicus He had not become 
unconscious, nor had he vomited Theie had been no gross hematuria 

Physical Examination — ^Temperature, per rectum, 1006° F pulse, 152, blood 
pressure 90/54 The patient appeared apprehensive, with tense nares, and rapid, shallow 
lespirations Lungs were negative The abdomen was moderate!}" distended, and rigid 
There was general abdominal tenderness on palpation, which was more marked m the 
left upper abdominal quadiant, and left flank An increase in flank dulness was noted, 
which seemed to shift 

Hemoglobin 50%, RBC 3,010,000, WBC 15,500, with 89% neutrophils, and 
11% bmphocytes Uranabsis 150 mg albumin, microscopically, a few glanular casts, 
together with four to six leukocytes, and 50 to 60 red blood cells per high power field 
One hour later, the hemoglobin i\ as 49%, RBC 3,000,000 The pulse becoming 
more lapid Cluneal Impicsswn Ruptuied abdominal visciis, exploratory celiotomy 
advised Before operation 1,000 cc of normal saline was administered by hypodermoclysis 
Opciaiion — R A H Two and one-half houis after admission Under ether anes- 
thesia, the abdomen was opened thiough an upper left rectus incision A large amount 
of free blood was found present, and the spleen w’as found to be ruptured, almost in half, 
with actne bleeding A splenectomy was rapidh performed No spleen-like nodules 
w'ere noted within the abdomen During operation mtiavenous gum acacia solution w'as 
administered, and this was immediately followed by a blood tiansfusion 

Table I 


SERIAL BLOOD COUNTS* 

Red Large Time 


Date 

9/30/35 

Hemo- 

globin 

50 % 

Blood 

Cells 

3,010 000 

Color 

Inde\ 

0 8 

LeuLo- 

ciTes 

15.500 

Neutro- 

phils 

89% 

Lympho- 

cytes 

11% 

Mono- 

nuclears 

Eosino- 

phils 

Baso- Relation to 
pnils Operation 

On entrance 
Preoperative 

9 / 30/35 

49 % 

3,000 000 

0 8 






1 hour later 

10/ I/ 3 S 

45 % 

2.720 000 

0 8 

12,950 

86 % 

14% 



1st day. P 0 
After blood 
transfusion 

10/ 7/35 

37 % 

2 530,000 

0 7 






P 0 7tn day 

10/10/35 

40% 

2,150.000 

0 9 






P 0 loth day 

10/14/35 

65% 

3,560 000 

0 9 

14.050 

82% 

12% 

3 % 


P 0 14th day 
After blood 
transfusion 

10/17/35 

47 % 

2,460,000 

0 9 

6,350 

55 % 

43 % 


2% 

P 0 1 7th day 


* In the case reported These -were taken dunng the patient’s first stay in the hospital as a result of the 
acute traumatic rupture of the spleen 


Except for some abdominal distention dunng the early postoperative phase, which 
was combated with a stomach tube, and the presence of a secondary anemia, the con- 
valescence was essentially uneventful The wound healed per primam, and the dressing 
was removed 13 days after operation 

Second Admission — ^Thirty-nine months later, on January i, 1939, when the boy 
was age 13, he was again admitted to the Hillman Hospital, on the Medical Service, 
Hosp No 127278, with a clinical diagnosis of acute tetanus, contracted from an injury 
of his left little finger by the explosion of a firecracker on December 25, 1938, six days 
previously In spite of energetic treatment with tetanus antitoxin, the patient died 20 
hours after he entered the hospital An autopsy (Dr J D Bush) was performed two 
and one-half hours after death Only a portion of the complete autopsy report will 
be included. 
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Postutoi tcvi Etainnwilou — (A-39-2) The changes of greatest interest were limited 
to the thoracic and peritoneal cavities The upper anterior mediastinum w'as filled bv a 
bilobed thjmus gland, which w'eighed 61 Gm The tracheobroncliial lymph nodes were 
large and contained black pigment There were several fibrous adhesions binding the 
healed splenectomy w'ound to various loops of bow-el and to the omentum Theie were 
numerous adhesions about the splenic bed and one spleen w-hich measured 3 bj- 4 cm w-as 
firml}- adherent to the splenic bed Scattered over the abdomen w-ere several dozen firm, 
dark red nodules which measured from o 5 to i cm in diameter These were found on 
the inferior surface of the left dome of the diaphragm, the omentum, the small bow-el, the 
ascending colon, the transverse colon, the descending colon and over the pelvis including 
the anterior surface of the rectum and the rectovesical pouch The smaller ones w-ere 
rounded, the larger ones were flat and measured 02 to 03 cm in thickness All w-ere 
sessile and covered with serosa In color and consistenc} thej closely resembled splenic 
tissue The suiface w-as red and on section there w-as a thin, w-hite fibrous capsule 
enclosing a firm, dark red, spleen-like tissue The total numbei of the nodules w-as 
approximately 75 

Pathologic Examination — Micioscopic — Sections of the nodules revealed a structure 
morphologically similar to adult spleen Each nodule w-as surrounded by a capsule com- 
posed of fibrocytes and collagenous fibers The convex surface of the capsule was cov- 
ered b)- a layer of flattened endothelial cells continuous w-ith the serosa of the structures 
to w-hich the implant w-as attached In the capsule there w-ere scattered foci of Ij mpho- 
cvtes, particles of iron pigment and small blood vessels filled with erythrocytes 
Trabeculae extended from the capsule into the pulp, occasionally traversing the entire 
width of the nodule These trabeculae possessed a structure similar to the capsule and 
were accompanied by small blood vessels Theie w-ere a number of follicles present, 
each composed of lymphocytes, in a few an aiteriole was also present No germinal 
centers were evident The red pulp was composed of sinuses lined by a single lajer 
of cells with prominent nuclei The sinuses w-ere filled w-ith erythrocj tes, poljmor- 
phonuclear, neutrophils and a few- endothelial leukocytes An occasional siderophage w-as 
seen in the red pulp 

Dtsciission — In inedical liteiature, there apparently have been only ten 
snnilai cases described Tw-o other autopsy examinations w-eie lepoited, 
in w-hich spleen-like nodules were so diffusely scattered over the abdominal 
cavity, as to piactically rule out then author’s diagnosis of accessoiy spleens 
These two last mentioned autopsy examinations w-ere made on individuals 
w-ho gave no history of trauma, and had not undergone a splenectomy How-- 
evei, in both instances the spleen and surioundmg area presented gioss 
findings, usually associated with lesiduals from healed tiauma Conse- 
quently, one might well leason that these cases represented splenic implants 
from tiaumatic splenic ruptures w-hich had healed, and w-ill be so considered 
Table II briefly summarizes the 12 cases described m the hteratuie, as w-ell 
as otii own case Only three such cases have been lepoited in American 
medical hteratuie, and these w-ere published since September, 1939, tw-o 
of these w-ere by the same author A detailed review of the earlier reported 
cases IS made in the excellent articles by Shaw and Shafi , Jarcho and 
Anderson, and Buchbinder and Lipkoff Buchbinder and Lipkoff lecognize 
Foltm, who described a case m 1911, as being the first to suggest that the 
spleen-hke nodules m question, were splenic implants These same tw-o 
authors w-ished to designate this entity of autoplastic transplantation of 
splenic tissue as “splenosis ” 
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Fig X 



Fig 2 


Fig I — Photomicrograpli of a full section of autoplastic splenic trans 
plant, from the case reported, showing capsule, trabeculae, malpighian cor 
puscles, and pulp On one surface it is adherent to the diaphragm (Hema 
toxylin and eosin) (Xio) 

Fig 2 — Photomicrograph of the same section as shown in Figure i show 
ing a central arteriole, suriounded by lymphocytes, and a portion of splenic 
pulp (Hematoxylin and eosin) (X176) 
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The fiist group of wiiteis who published case lepoits, which appear to 
come in this category, diagnosed the nodules as being either accessoiy spleens, 
01 tissue deiived fioni embiyologic splcen-foi ming lests, contained within 
the peiitoneum Spleen-foi ming lests most likely would be found only m 
tissues 01 stiuctuies closely appioximated to the splenic aiea in embryologic 
development Accessoiy spleens would be the logical outgiowths fiom these 
fetal splenic lests, should they take on a giowth stimulus As to the preva- 
lence of accessoiy spleens, Adami and Nichols found them m ii pei cent 
of a senes of autopsy examinations These bodies piobably aie moie often 
obseived in young individuals, than in adults Jolly states that 25 per 
cent of childien, less than seven yeais of age, had accessoiy spleens Sos- 
suchm obseived them in 15 pei cent of 153 childien, less than ten yeais 
of age Additional mention is made that then diminished occuirence in 
adult life is possibly due to atiophy The size of accessoiy spleens varies 
fiom a few milhmeteis to seveial centimeteis in diametei Accessoiy spleens 
present the same histologic stiiictuie, and aie subject to the same pathologic 
alteiations, as the mam oigan Usually, not moie than one to six accessory 
spleens aie piesent 111 any one case These bodies, as mentioned above, are 
mainly found only in tissues adjacent to the splenic aiea in fetal develop- 
ment, such as the splenic fossa, gastiohenal ligament, panel eaticosplemc 
ligament, panel eas, and the gieat omentum The laige splenic nodule found 
within the splenectomy bed, at postmoitem examination in oui case, no doubt, 
was a true accessoiy spleen 

The cases lepoited in medical liteiatuie which show splenic implants 
leveal that these splenic giafts have been found gi owing on a poition of 
almost every aiea of the peiitoneal cavity as well as on the contained visceia 
In all the repoited cases with splenic implants, theie aie desciibed nuraeious 
spleen-like nodules, suiiounded by a fibious capsule of vaiiable thickness, 
enclosing tissue much like splenic pulp, which may, 01 may not, have lymph 
follicles Any follicles piesent may be ludimentaiy in appeal ance, consisting 
of a few lymphoid cells sin rounding a central aiteiiole, 01 they may be 
well-developed matuie follicles In some instances definite little blood sinus 
formations aie piesent Fibious septa tend to mfiltiate the enclosed cellu- 
lar mass, fiom the suiiounding capsule A well-developed hilum is absent 
The blood supply is from small aiteiioles which enter the nodule irregularly, 
from the suiiounding tissue, at vaiious points thiough the fibious coveimg 
Enveloping the whole nodule is seiosa Appaiently, any function that these 
transplants might have, would be that of the 1101 mal splenic pulp 

Grossly, the splenic implants have been found to be both sessile and 
pedunculated, and to have a nodulai, spheiical, or flattened shape They have 
varied 111 size from i Mm to 3 cm in diameter In color and consistency, 
the nodules have the appeal ance of splenic tissue Colois described for 
these transplants are 1101 mal spleen coloi, dark red, puiple-ied, and gieenish- 
black In one instance, that reported by Buchbindei and Lipkoff, the 
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geon first discoveied many small puiple-ied nodules, scatteied over the 
peritoneum and visceia dm mg the course of a female pelvic operation, and 
mistook their appearance foi endometnoniata, until miscioscopic diagnosis 
of an excised nodule revealed their true natuie The highest numerical 
estimate for these transplants was 200-300 in one case In another instance, 
the base of the left pleural cavity was invaded Probably this invasion oc- 
curied thiough a small rent 111 the diaphragm, which happened at the time 
of the accident, and later healed No subcutaneous tiansplants within the 
operative \iound scar have been reported However, splenic giafts have 
successfully taken m the subcutaneous tissues of animals, when experi- 
mentally transplanted, as demonstrated by Mai me and Manley, Perla, and 
others 

An interesting case is reported by Jaicho and Andeison, 111 which about 
400 cc of hemorrhagic blood uas lemoved fiom the peiitoneal cavity, at the 
time of operation for an acute traumatic luptuie of the spleen, and immedi- 
ately citrated, stiained thiough gauze, and reinjected intiavenously into the 
patient Eight yeais later, at the age of 20, the patient died fiom acute pei- 
forated appendicitis On postmortem examination, theie were discoveied 
80 splenic transplants scatteied OA’^er the peritoneum but no splenic nodules 
were found m the lungs, 01 outside the abdominal cavity Nevertheless, the 
possibility of viable splenic cells contained m hemoiihagic blood obtained 
fiom the abdomen for tetiansfusion m such patients should be kept m mind 

Kieutei, m 1920, expei imentally excised the spleen m monkeys, and 
then smeaied the splenic pulp over the peritoneum Several weeks, 01 
months, latei, the animals were sacrified and splenic nodules vere found 
widely dispel sed ovei the peritoneal cavity Jaicho and Anderson leview 
liteiature giving instances of dogs who had a histoiy of seveie abdominal 
tiauma, and later following death, postmoitem examination levealed nodular 
implants 01 splenic tissue scattered over the abdominal cavity These authois 
also obseive that Gnffini and Tizzoni, as eaily as 1883, related that paitial 
splenectomy in dogs ^^as followed by development of spleen-hke nodules in 
the peritoneum 

So fai as we weie able to asceitain, no cases have been leported in 
^^hlch there uere widely disseminated splenic nodules following splenectomy, 
foi nontiaumatic diseases of the spleen Shaw and Shafi express the opinion 
that the removal of diseased spleens, apparently is larely, if evei, folloived 
b\ implants, in spite of occasional teaiing, wnth some associated hemoirhage, 
during the excision of laige splenomegalies 

In the spleens of mdniduals, past the age of 30, Gioss finds that the 
nuclei of the fibi oblasts disappear, and the fibrils become thickened and few 
Likewise, the intima and media of the blood vessels within the parenchyma 
become thickened with connective tissue and hyaline changes Wohl calls 
attention to the gradual collapse of l}mph tissue, from birth onw’ard Be- 
cause of the changes, mentioned abo\e, he belie\es there occurs a decrease 
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111 the powei of consti iictive metabolism, which factoi contributes to the 
latliei eaily senescence of the oigan 

The aveiage known age at the time of the tiaumatic luptuie of the spleen, 
among all the lepoited cases of autoplastic ti ansplantation of splenic tissue 
including ouis, was nine plus yeais It appeals to us quite significant that 
the 30ungest was age three, and the oldest was 14 yeais We believe the 
likelihood of successful giafting of these cells on a peiitoneal suiface is pro- 
poitionate to the youthfulness of noimal splenic tissue which has been trau- 
matically luptuied Pulp cells fiom the spleen of young individuals, very 
likely, possess piopeities of inci eased viability, 01 virulence, diffeimg from 
similai cells in the adult spleen We aie of the opinion that such splenic 
implants may be found more often aftei tiaumatic ruptuie of the spleen, in 
young individuals vho suivive, than is geneially lecogmzed, and probably 
such a response is moie the lule than the exception 

As yet, no symptoms have been known to result fiom these splenic im- 
plants That the oppoitunity offeied to discovei such a condition m man, 
IS mmiinuni, was lemaiked in the eaily pait of this discussion Jarcho and 
Andeison, more conci etel}’-, emphasize this ciiciimstance in their review of 
the last 2,000 autopsies at the Babies Hospital in New Yoik, by finding only 
nine cases who had undeigone a pievious splenectomy foi various reasons, 
from a few houis to nine yeais pi 101 to autopsy The only case in which 
opeiation had been peifoimed, because of traumatic rupture of the spleen, 
was one of then published cases of autoplastic ti ansplantation of splenic 
tissue Then again, out of 2,605 autopsies at the Piesbyterian Hospital, m 
New Yoik, during a ten-year peiiod, these same authois found that 
splenectomy had been peifoimed m 16 cases, fiom two weeks to 16 3^ears, 
piior to autopsy There weie no instances of splenectomy for traumatic 
ruptuie of the spleen m this gioup, and none levealed splenic tissue, other 
than the finding of an accessory spleen, or so, m the bed from which the 
spleen had previously been lemoved Finally, Shaw and Shafi observe that 
out of a seiies of 708 cases of splenectomy, published up until 1908, and 417 
cases leported by Mayo m 1926, no pathologic studies of the late results of 
splenectomy are mentioned 

SUMMARY AND CONCLUSIONS 

(1) A human case is reported which developed nodular splenic implants 
throughout the peiitoneal cavity, following tiaumatic rupture of the spleen 
This IS the thiiteenth case of similar nature, in man, described in medical 
hteiature A chart summarizing these cases is appended 

(2) A detailed discussion of autoplastic ti ansplantation of splenic tissue, 

is made * 

(3) It IS our opinion, that m man 1 dative youthfulness of normal splenic 
tissue IS a very important factoi, as regards viability of splenic pulp cells 
foi autoplastic implantation, and the likelihood of successful grafting of these 
cells on a pei itoneal surface following traumatic 1 upture of the spleen 
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(4) Autoplastic transplantation of splenic tissue may be moie the lule than 
the exception in individuals who have suffered a traumatic luptuie of the 
spleen, m their youth, and have suivived the accident 
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AN UNUSUAL CASE OF BENIGN MULTIPLE CHORIONIC VILLI 
IMPLANTS IN PERITONEAL CAVITY ACCOMPANIED 
BY HEMOPERITONEUM 
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To CLEARLY UNDERSTAND the Significance of the case about to be leported, 
it would not be amiss to leAuew the subject of cboi lonepitbeboma Chorionepi- 
tbelioma is a malignant tumor oiiginatmg fiom, and confined to the epithe- 
lium of the choi ionic villus, which diffeis fiom the hydatid mole in that in 
the lattei theie also occuis an accompanying piohfeiation of the villus stroma 
As is well known, this neoplasm may aiise fiom the choi ionic villus at term, 
111 cases of ahoition or fiom an hydatid mole While the usual site of 
giowth IS the uteime cavity, it has been known to take oiigin m the fallopian 
tube (Walsh,-® Phillips,^- Mooie^^) In laie instances the site of origin 
could not be determined, since the uteius and adnexa have been found nor- 
mal m cases wheie the manifestations of the disease resulted fiom distant 
metastases In a few cases the site of oiigm of the choi lonepithehoma has 
been a teiatomatous tuinoi m an ovaiy oi testis 

While ChiaiT,^ as fai back as 1877, was the fiist to describe thiee cases 
of caicinoma of the uteius which have subsequently been classified as chor- 
lonepithehomata, it was not until 1895 that Maichand® fiist recognized that 
such tumors weie of epithelial nature and that their site of oiigin was the 
placenta 

Piegnant women during childbeaimg peiiod aie most frequently affected 
Cases, however, have been repoited dm mg the menopause, and m laie in- 
stances m young virgins Seveial cases have also been repoited in the male 
where the tumoi has taken its origin m a teiatoma of the testis A review 
of the hteratuie disclosed the fact that m the great majority of cases, the 
tumoi manifests itself between one and foui months aftei full term labor, 
aboition, or the expulsion of a mole 

The charactei istic feature of an uteiine choiionepithehoma is a nodular 
01 fungating, friable tumor presenting a distinctly hemorrhagic appearance, 
with evidence of mfiltiation of the uteime wall The tumoi may penetiate the 
wall of the uterus and invade the peritoneum The macroscopic appearance 
of an extra-uteime choiionepithehoma is that of a tumor lesemblmg an 
hematoma, presenting no anatomic lelationship to the site of a pieexistmg 
placenta, located anywheie m the peiitoneal cavity, poitio vaginalis, broad 
ligament, or the vagina The geneial consensus of opinion is that such a 
tuinoi piobably aiises from a primary uteime tumor vhich has eithei undei- 
gone regiession 01 has been expelled with its placenta von Zalke,^® however, 
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states that such extra-utei me chononepithehomata may aiise from cells which 
have been extruded thiough the tube fiom a possible normal mtra-uteiine 
placenta Cases have also been lepoited of chononepithehomata arising m 
the fallopian tubes (Georgn/ Solomons and Smith^”) 

Sunde’^® lepoited a case of chorionepithehoma aiismg from an ovaiian 
piegnancy Pick/^ discussing the problem of ovaiian choi lonepithehoma, 
maintains that, as a lule, such tumois aiise fiom pieexistmg teratomata, with- 
out the presence of pregnancy 

In differentiating between the histologic featuies of the constituents of a 
noimal chorionic villus and that of a villus from a chorionepithehoma, we find 
111 the latter that the cells show a gieatei tendency to invade blood vessels, 
to produce a ferment with propeities of causing tissue dissolution, and to 
cause vasodilatation of surioundmg capillaiies Both types of vilh contain 
Langhans’ cells and syncytium, and it was MaichaiKp who fiist proved that 
the chorionepithehoma took origin from the tiophoblast 

Microscopically, a typical choiionepithehoma discloses Langhans’ cells 
which appeal as well circumscribed polygonal cells with laige nuclei Among 
these cells one sees gioups of darker-stainmg multmuclear cells or sheets of 
cells — syncytium, along with numeious blood sinuses, some of them containing 
tumor elements Hemonhagic islands and aieas of scattered necrosis are 
characteristically seen m these tumors Rarely does one encountei ^\ ell- 
defined vilh 111 choi lonepithehomata Alveolai ai rangement of the cell groups 
makes up the usual mosaic of such tumois Invasion of suiioundmg muscu- 
lature is readily discernible by the piesence of islands of tumor cells dispeised 
among the muscle fibers The piesence of old blood, fibrin and leukocytes 
can be seen surrounding the site of the tumor Invasion of the existing blood 
vessels by tumor tissue is not uncommon Tumors vaiy widely m then 
contents of Langhans’ cells and syncytium, some chononepithehomata having 
a prepondei ance of Langhans’ ovei syncytium, and vice veisa In contra- 
distinction to the 1101 mal chorionic villus, one notes m chononepithehomata a 
greatei variation m the size, shape and staining qualities of the individual 
Langhans’ cells and a greater likelihood of mitotic figures within the cell 
nuclei 

Although Ewmg'^ niamtams that one can give a fairly accurate prognosis 
based upon the histologic featuies of a given tumor, the consensus of opinion 
to-day IS that such histologic groupings are unreliable as a piognostic index 
(Schlagenhaufei,^® Fiank,'' Fiank and Geist®) 

Chorionepithelioma is notorious for its tendency to metastasize early This 
IS due to the close proximity of the tumor tissue to blood sinuses and to the 
marked tendency of the neoplastic tissue to invade blood vessels The sites 
of predilection of such metastases are the lungs, vagina and vulva The 
histologic structure of metastases closely simulates that of the parent tumoi, 
and only m rare instances have distinctly formed vilh been found (Miller’^®) 
Uterine bleeding is by far the outstanding symptom of choi lonepithelioma, 
and may appeal during or aftei the termination of pregnancy At times, 
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bleeding may be seveie enough to cause exsangumation and death, but, 
usually, bleeding is moie oi less inteinnttent Cases have been leported wheie 
the initial symptoms manilested themselves as a lesult of metastases (Ked- 
7ieiski,® Stiaume^") In any event, the peisistence of vaginal bleeding fol- 
lowing a miscall lage oi a noimal lalior should aiouse suspicion that such a 
condition might be piesent A caiefully peitoimed cuiiettage definitely estab- 
lishes the diagnosis 

At the piesent time, gieat lehance is being placed upon biologic tests 
to deteimme the piesence and couise of a given case of suspected chorionep- 
ithehoma Fiank and Geist'^ lepoit no false positive leactions in then exten- 
sive expel lence vith the Aschheim-Zondek test in mice, or with the Fiied- 
man tests on labbits Flowevei, in less than two pei cent of then cases these 
same investigatoi s have noted a negative leaction which turned positive after 
an inteival of two oi moie weeks 

While it is tiue that the diagnosis of chononepithehoma usually carries 
with it a giave piognosis, one must be extremely guaided m following this 
lule in a given case, since it is well known that the disease discloses gieat 
variation in its virulence Cases have been lepoited wheie the disease fol- 
lowed a fulminating course, while otheis have been noted to show spontaneous 
regression (Rockafellow^'^) Such vaiiations in behavior of chorionepi- 
thelioma may of couise have been due to eirors in propeily interpreting 
histologic sections With the present use of biologic tests, however, such 
errors will most likely be gieatly avoided According to Frank and Geist,*’ 
the most virulent tumois are those oiigmating m the fallopian tube, ovaiy 
and testis 

Case Report — M L, age 23, was seen in consultation on February 18, 1940, com- 
plaining of severe pain and tenderness in the lower abdomen of one day’s duration 

The family history was irrelevant Two years previously she had been delivered 
of a dead fetus, at term Following the delivery her periods returned to normal, until 
December 20, 1939, when she skipped a period This amenorrhea was attributed to 
pregnancy and an abortion was performed January 20, 1940 There was no staining or 
bleeding following the currettage On and off, for the past three months, she complained 
of pam in the lower abdomen For the preceding 24 hours, however, the pain in the 
abdomen had become severe and was accompanied by nausea 

She was admitted to the hospital February 18, 1940, where a physical examination 
disclosed a pale, poorly nourished young woman, appearing acutely ill Save for the 
abdominal and vaginal findings, the physical examination was essentially negative 

Abdominal examination disclosed a moderately tender, soft abdomen, with a positive 
rebound Vaginal examination disclosed a small, apparently normal, freely movable 
uterus, with suspicious fluctuation in both fornices Temperature 99° F , pulse 80 
Leukocytes 16,300, 88 per cent polymorphonuclears, and 12 per cent lymphocytes The 
urinalysis was essentially negative Suspecting that we were dealing with a surgical 
abdomen, probably due to an acutely inflamed appendix, celiotomy was advised and 
accepted 

Opoaiwn — Under spinal anesthesia (tropacocame), the abdomen was opened througli 
a three-inch right lower Kammerer incision Upon incising the peritoneum, one noted a 
large amount of blood and several large clots m the peritoneal canty The uterus ap- 
peared small, was of normal consistency, and to all intents and purposes normal m every 
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way The left adnexa disclosed a few, small bead-like nodules on the outer surface of 
the tube, but appeared otherwise noi mal , while the right fallopian tube was studded with 
small dark-purplish nodules, giving the tube the appearance of a string of colored beads 
The ovary was closely adherent to the tube, but one could not ascertain any distinct 
evidence of rupture either of the tube or ovary to warrant the assumption that we were 
dealing with a ruptuied ectopic pregnancy Blood, however, seemed to be oozing from 
the right tube 

After thoroughly evacuating the peritoneal cavity of blood and clots, one noted 
several nodules of a dark-purple color, varjmg m size from beads to small hazel nuts, 
studding the serosa of the small and laige bowel and omentum The appendix appeared 
slightly injected and thickened, with a bulbous tip The right tube and ovary were ex-* 
tirpated along with the appendix A portion of omentum containing a few laige nodules 
for histologic study was also removed between mass ligatures The abdomen was closed 
in layers 

Postoperative Course — On the evening of the twenty-second, 450 cc of citrated 
blood was administered mtravenousl> Save for a feeling of marked asthenia, the post- 
operative course was uneventful A blood count, taken February 26, showed 4,000,000 
R B C , 7,700 W B C , with 60 per cent polymorphonuclear leukocj tes, and 40 per cent 
mononuclear cells, hemoglobin 70 per cent Two dajs later the hemoglobin rose to 82 
per cent The wound healed by primary union and the patient was discharged March 2, 
1940 

An Aschheim-Zondek test taken while the patient was still in the hospital was posi- 
tive Four successive A-Z tests pei formed subsequently, at weeklj intervals beginning 
March 5, 1940, were all negative 

Pathologic Examination — Gross Dr A Schifrin Specimen consists of two masses 
(i) A portion of omentum measuring 7x4 cm There are four hemorrhagic, spherical 
masses present, varying fiom pea- to cherry-size On section they consist of clotted blood 
within which no cellular tissue is noted grosslj, except for occasional gre>ish-pmk dot- 
hke fragments of friable tissue The peripheral zone fuses with the areas of interstitial 
hemorrhage In adjacent portions there are fibrinous adhesions and curling of the 
omental surface (2) A tube and ovary with tubo-ovarian ligament The ovary is the 
size of a walnut and is but slightly enlarged The surface shows several split pea and 
smaller hemorrhagic nodules which, on section, seem to be superficial and do not seem 
to arise from within the ovary The ovarian parenchyma shows fibrosis and several 
follicular cysts and involuting corpus luteum The tubo-ovarian ligament contains a pea- 
sized and several smaller nodules which are fully covered by the peritoneal reflection 
The latter appears bluish but not ulcerated or perforated On section, the nodule con- 
sists of an hemorrhagic, rather well-localized mass which contains greyish-pink cellular 
tissue This mass is not in communication with the tubal lumen but is in contact with the 
outer wall of the latter There are several similar smaller nodules, some close to the 
peritoneal reflection, but more penetrating it The tube is of normal size, slightly 
edematous , and the lumen contains pale white mucosal folds which fill the latter The 
lumen is not dilated and contains no blood The fimbriated extremity is normal 

Microscopic — Omental Hcrnrnorrhagic Mass (Fig i) This mass is the largest of the 
omental masses and is 2 5 cm in diameter Its central portion is occupied by clotted 
blood consisting of dense platelet masses and extravasated intact red blood cells with 
scattered polynuclear leukocytes and lymphocytes Within the meshes of the clot, tjpical 
degenerated chorionic villi are seen composed of a central zone of mvxoma-hke stroma 
with poorly staining nuclei and a bright pink peripheral syncjtial layer containing occas- 
ional necrobiotic and pyknotic nuclei At the periphery of the bloody mass there are 
more typical chorionic villi which, however, are intact and stain well They consist of 
a central zone of loose myxoma-like stroma with well-stained, spindle-shaped and 
vesicular nuclei The peripheral layer of the villi is composed of a single row of cuboidal- 

96 


^ olume 115 
Number 1 


CHORIONIC VILLI IMPLANTS 



97 


Fig I — Section from 
lirger hemorrhagic oment il 
mass (A) Omental fat 
tissue showing interstitial 
hemoirhage and mild fibro 
blastic, lound cell and leu 
kocvtic reaction (B) Wall 
of the mass showing fibrosis 
and scant decidual reaction 

(C) At left and above, sev 
eral chorionic syncjtial ele 
ments with regular nuclei 

(D) Extra vasated blood 
with darkly staining chon 
onic wandering cells at 
left, and pale decidual cells 
above D (E) Two well 
formed, typical chorionic 
villi with legular Lang 
bans’ and syncytial cells 


Fig 2 — Section through 
fallopian tube, tubo ovarian 
ligament and ovary (bird’s 
eye view) (A) Cross sec 
tion of tube showing ab 
sence of tulial pregnancy 
(B) Cystic, hemorrhagic 
nodule containing clotted 
blood Chorionic elements 
such as IS seen at D w'eie 
present (C) Hemorrhagic 
nodule at surface of ovary 
showing chorionic villi di 
rectly below C 


Fig 3 — Section through 
another nodule in tubo 
oiarian ligament (A) 
Two well formed chorionic 
villi showing very regular 
Langhans’ cell layer and 
loose, intact stroma and ab 
sence of hydatid mole 
stromal changes (B) Syn 
cytial cells above and below 
B, containing regular nu 
clei (C) Pale decidual cells 
with regular nuclei 
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like cells with regular, uniform, round, oval or flattened vesicular or dense nuclei (whose 
diameter is about one and one-half to two times the diameter of a red cell) This row 
of cells IS continuous with a layer of syncytial cells whose cytoplasmic borders are 
indistinct and whose cytoplasm is intensely pink and finely granular These syncytiaH 
cells are multinucleated, being composed of several vesicular or dense, well-stainmg regular 
nuclei (whose diameter is about two times that of a red cell) These syncytial cells 
form the bud-hke blunt ends of the villus Their nuclei are regular, occasionally slightly 
larger, but not at all bizarre, atypical or mitotic Where the chorionic villus is seen 
to be in contact with the delimiting wall of the mass, the wall contains large, pale, 
polygonal decidual cells, with abundant clear pale cytoplasm and well staining vesicular 
or solid regular nuclei Their cj toplasmic borders are usually distinct and the cell aggre- 
gates have a mosaic-like appearance These decidual cells are in continuit> with, and 
he freely within the delimiting wall which is otherwise composed of fibroblastic and 
fibrous connective tissue containing numerous hyperemic blood capillaries and arterioles 
and showing inteistitial hemorrhage and focal infiltration by round cells The outermost 
portion of the delimiting wall consists of the adipose tissue of the omentum The latter 
also shows hyperemic large blood vessels and interstitial round cell infiltration, especially 
penvascularly Of note is the absence of chorionic vilh external to the delimiting fibrous 
zone and the absence of such elements from the numerous surrounding blood vessels 
The mosaic-like decidual reaction in some of the septa near adjacent vessels is, however, 
quite prominent 

Seveial Siviilar Hemotihagic Masses in Omentum These are of varying size, all 
being smaller than the mass described above These masses are hemorrhagic nodules 
with fresh and clotted extravasated blood, some contain typical chorionic \ilh with well- 
stammg, regular nuclei The delimiting wall is thinner and contains an occasional 
larger (four times diameter of red cell) loculated nucleus such as is seen in chorionic 
wandering cells The chorionic nuclei show no mitoses There is definite but scantier 
decidual reaction or decidual cell mosaic structures The adjacent blood vessels also 
show marked perivascular round cell infiltration 

Tube, Ovaiy and Ttibo-ovai lan Ligament (Figs 2 and 3) The small hemorrhagic 
areas on the surface of the ovary are de\oid of a serosal covering, which is seen overlying 
the surface of the adjacent portion of the ovary in the form of a row of cuboidal cells 
These hemorrhagic nodules have the appearance of surface implants rather than intra- 
ovarian structures which have penetrated the surface The latter opinion, however, is 
not entirely excluded, as some nodules he definitely below the surface and are covered 
by a portion of ovarian stroma covered by cuboidal serosal cells Within the parenchyma 
there are several small follicular cysts lined by a thin resting laver of regular thecal 
cells with scant cytoplasm and no evidence of lutein cell formation Nearby there are 
present granular lutein cells with polygonal cytoplasmic borders, giving the decidual-like 
appearance to them The fallopian tube is entirely intact The lumen is not dilated, 
nor does it contain blood or placental tissue The mucosal folds are regular, lined by 
regular columnar cells The stroma of the folds is delicate and shows no decidual reac- 
tion The muscular layer is distinct Where the tubo-ovarian ligament fuses with the 
tubal wall, however, the arterioles and veins are prominent About these vessels there 
IS prominent round cell infiltration and the adjacent stroma shows edema, hyaline change 
and chorionic vilh which he freely within the stroma as if penetrating the latter These 
chorionic vilh are well formed with regular nuclei and are closely situated to the hemor- 
rhagic nodule within the ligament which contains numerous regular chorionic vilh with 
regular nuclei The wall of this nodule is not entirely delimited and shows decidual cells 
Chorionic wandering cells are present but not too bizarre or mitotic Thus, all the hemor- 
rhagic nodules contain decidual and chorionic tissue with rather regular nuclei and some 
chorionic wandering cells Some of the nodules are well delimited, others show penetration 
of the vilh into the adjacent tissue Mitoses are very rare, atypism is scant Of note 
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IS the absence of prominent solid cellular tumor -like masses such as is usually seen in 
cliorionepitheliomatous invasion Pathologic Diagnosis — (i) Multiple hemorrhagic 
nodules within omentum, tubo-ovarian ligament and ovary (2) Superficially implanted 
hemorrhagic nodules m ovary (3) These nodules contain chorionic villi and decidual 
tissue with rather regular nuclear structures and show chorionic wandering cells and villus 
penetration into adjacent tissues (4) Frank nuclear atypism, bizarreness and prominent 
mitoses or solid tumoi-like aggression, such as is commonly seen m the usual chori- 
onepithehoma are absent (5) The fallopian tube itself contains no decidual or chorionic 
tissue within It 

Comment — Fiom the macroscopic appearance the nodules suggested mul- 
tiple (malignant) choi lonepitheliomatous metastases Histologically, how- 
ever, they failed to show the typical aggiessive cellular bizarieness of the 
usual metastasizing chononepithelioma or hydatid mole and could possibly 
be intei preted as being unusual implants from an mtra-abdominal pregnancy 
which had luptured The classification of this case is not as yet fully settled, 
as it shows boider-hne featuies For the present, it is best classified as 
showing multiple chorionic tissue implants with a strong (though not purely 
histologic) suspicion lequmng fuither obseivation by A-Z tests and clinical 
couise to exclude the possibility of a truly malignant metastasizing chorionepi- 
thelioma 

When last seen, Maich 26, 1940, the patient felt well and presented an 
hemoglobin of 88 per cent The uterus felt small and noimal, and there was 
no evidence of uterine bleeding 

Discussion — In caiefully leviewing the sequence of events m this case, 
we find a young woman who, two }ears previously, went thiough an appar- 
ently normal pregnancy, giving birth to a dead fetus Up to three months 
prior to her piesent illness, she was free of abnormal symptoms From that 
time on, she complained of vague abdominal pain Slightly less than four 
weeks prioi to opeiation she was curietted foi a supposed intia-uterme preg- 
nancy, having missed one period Although she complained of abdominal 
pain on and off for three months, it was only during the 24 hours piecedmg 
operation that the pain became acute Operation levealed a great deal of 
blood and many clots in the peritoneal cavity The tubes and ovaries, par- 
ticularly the right, were studded with small nodules but presented no rent 
indicative of a ruptured ectopic There w^ere a number of nodules covering 
the serosa of the cecum and ileum and seveial dark-purplish nodules varying 
in size fiom beads to small hazel nuts A section of omentum removed 
for histologic study disclosed the tumors to consist of typical choi ionic villi 
with featuies suggesting distinct vauation from chononepithelioma The 
benignity of the lesion w^as more 01 less confirmed by the fact that four sub- 
sequent Aschheim-Zondek tests were all negative 

Two pertinent questions aiise in this case First, where was the site of 
the original pregnancy , was it in the tube, was it in the uterus, or was it 
intra-abdominaP Second, m which way does the histologic architecture of 
this tumor differ fiom that of a true chononepithelioma^ 

Regarding the possibility of the uterus being the original site of preg- 
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nancy, all that can be stated, at present, is that, at opeiation, the uterus ap- 
peared and felt peifectly noiinal Unfoitunately, a cuiiettage was not pei- 
foimed at the time of opeiation oi immediatel)’^ aftei to absolutely lule out 
this possibility Since the lumen of the left tube was found to be appaiently 
normal, this souice can logically be eliminated as a possible site The in- 
volved light tube and ovary, aftei a thoiough histologic study, failed to leveal 
any evidence of placental tissue within the lumen of the fallopian tube This 
leaves the third possibility — that the piegnancy might have been mtia-ab- 
dommal It is quite possible that the fetus might have escaped detection 
because of the fact that the mtra-abdominal clots which were lemoved with 
moist sponges weie not lecovered for examination This possibility is, how 
ever, somewhat remote since one can scaicely conceive of an mtia-abdominal 
pregnancy being present which could, by light swabbing, be lemoved from its 
attachment 

Regal ding the difterential diagnosis between the case heie presented and 
choi lonepithelioma, one must fall back upon histologic and biologic ciiteria 
A caieful examination of the photomiciogiaphs, here piesented, will dis- 
close well differentiated vilh which aie not commonly seen m cases of 
chorionepithehomata, but which chaiacteiize noimal choi ionic tissue Furthei- 
moie, the cells here seen aie typical Langhans’ syncytial cells with scant 
evidence of the nuclear mitoses, atypism oi bizaneness so fiequently cncoun- 
teied m choiionepitheliomata In addition, one sees little evidence m any of 
the sections of invasion of the blood spaces by choi ionic tissue which is so 
fiequently evident m the malignant type of tumoi Taking the entire pic- 
ture of the histologic stiucture of the tumoi heie piesented, and compaiing 
It with that of a typical choi lonepithelioma, we aie stiuck with a sufficient 
numbei of variants to wairant its classification among the benign rathei than 
among the malignant tumoi s 

A careful leview of the hteiature has, to date, failed to leveal an exactly 
similai instance of benign multiple choi ionic vilh intia-abdominal implan- 
tations 
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Krukenberg,”^ in 1896, desciibed five cases, and a specimen of ovarian 
malignancy, that showed a peculiai and pooily undei stood gross and micro- 
scopic picture Giossly, the tiimoi was of model ate size, it was nodulai 
yet it possessed a smooth suiface Adhesions w'ere usually absent in such 
cases but ascites was often found The tumoi w'as usually hilateial, usually 
solid, occasionally cystic and the geneial form of the normal ovai3>- w'as usually 
maintained The cut surface had a myxomatous appeal ance Microscopi- 
cally, Krukenherg described “signet-i ing” cells sui rounded by a fibious 
stroma He recognized the picture as one of undoubted malignancy and con- 
sidered the lesion as piimaiy in the ovaiies He classified it among the 
saicomata hut in the title of his thesis, “Ubei das Fibi osai coma Ovaui 
Mucocellulai e {caicmomatodes),” he obviously entei tamed the possibility of 
Its oiigiii from epithelial cells No one has j^et given a better description of 
this tumor than he 

Although tumoi s of this type now' beai the name of this early investigator, 
historical researches leveal that he w'as not the only pioneer m this paiticular 
field of research ^ 

Important contributions were made by Waldeyer,^" m 1872, and Welch,"*® 
m 1892 Knowledge of the epithelial oiigin and secondary nature of the 
lesion IS due chiefly to the obseivations and writings of Schlagenhaufer,"*® 
Wagner,®® Glocknei and Romer Other impoi tant contributions have 
been made by Major,®® Fallas,^® Hundley,^® Woodall,®® Jarcho,^® ®® Masson,®® 
Shaw,®^ Novak and Gra}',®® Horsle}'^" and others ^® 

Histogenesis — Since the lesion was show'n by the above mentioned w'riters 
to be secondary m most instances, all workeis have agreed on this one fact 
However, there is as yet no general agreement as to w'hat constitutes a 
Krukenberg tumor , as to how metastasis occui s , as to w'hether a primary 
ovaiian carcinoma may be impossible to distinguish fiom a Krukenberg 

* Abridgment of thesis submitted by Dr Leffel to the Faculty of the Graduate School 
of the University of Almnesota in partial fulfillment of the requirements for the degree of 
Master of Science in Surgery 
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tumol , as to whethei the metastasis is in aii)^ way selective , or on how the 
lesion should be tieated 

Novak and Giay, Ewing/^ and many others have expressed the belief 
that all or most of the original criteiia set down by Krukenberg’s description 
should be fulfilled Jaicho, on the contrary, pointed out the gieat vaiiation 
111 the appeal ance of these tumors and stated that “signet-iing” cells are not 
always found Most authois believe that the primary lesion, m these cases, 
must be a “colloid” oi mucus-containmg caicmoma Novak and Giay, 
Jarcho, and Laison,^^ howevei, do not agree Theie is no agieement m the 
hteratuie as to how metastasis occuis Novak and Gray, Shaw,^"^ Broders,’’ 
Armstiong and Wolfe,"^ Runyeon^^ and many otheis have said that spread is 
usually by way of the lymphatic system Otheis stress the possibility and 
probability of spiead by peiitoneal sedimentation Boyd‘S belongs to this 
latter school of thought MajoU^^ repoited a case in which caicmoma cells 
were found m the pulmonary lilood vessels This, he felt, was very suggestive 
that hematogenous spiead occuis That spiead may occur by contiguity is 
probably conceded by all 

Cases of piimaiy ovarian adeno-“colloid” caicmoma resembling micro- 
scopically Krukenbeig’s tumor have been repoited by Schenk,^- Glockner,^® 
Frankl,^** Neumann,-" Outei bi idge,-'’ Andrews- and others 

As to what surgical treatment should be instituted m these cases, great 
disagreement exists Comando^^ and others have expiessed the belief that m 
the absence of gross geneialized carcinomatosis both the primary growth and 
the ovaries should be lemoved An opposite view is expressed by those who 
think that all surgery is contia-mdicated MacCarty,^'^’ speaking principally 
of piimary ovaiian caicmoma, has pointed out the importance of removing the 
uterus and tubes as well as the ovaries, to prevent lecurrence m the pelvis 
Mafeuals, Methods and Pin pose of Piesent Study — Oui mateiial for 
study consists of 44 cases encountered at the Mayo Clinic fiom 1908 to 1938, 
inclusive Five of the cases have previously been studied and leported by 
Masson Case histones were abstracted, surgical and postmortem material 
has been examined, and all available tissue has been studied microscopically 
The presence of mucus 111 the piimary and metastatic lesions was demon- 
strated by means of the Galantha stain for mucus In 19 of the 44 cases, 
only surgical material and surgical records were available In the remaining 
25 cases surgical mateiial plus complete postmortem material was available 
We wish to present our views on four impoitant questions (i) What is a 
Krukenbeig tumoi ^ (2) By what route does metastasis occur? (3) Does a 

primary adeno-“colloid” carcinoma of the ovary ever mimic a Krukenberg 

tumor? (4) What suigical procedures aie indicated in dealing with these 
cases ? 

Chmeal Ohseivahons — The aveiage age of the patient when the ovarian 
lesion was found was 48 2 years All except four of the patients were, or had 
been, married One patient was a Negro, all the others were white peisons 
There was nothing typical about the case histones 
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Ascites was lecorded in 17 instances and absent in 27 Both ovaiies were 
involved in 35 cases, and in nine instances unilateral involvement was found 
In 30 instances, the diagnosis of the original lesion was made fiist In 14, 
the secondaiy lesion was diagnosed fiist, and in all hut thiee cases the oiigmal 
lesion was found at cehotoni)'' 01 postmoitem examination The primary lesion 
was found in the stomach 111 20 instances, in the sigmoid 01 rectosigmoid 
in seven, in the colon in four, in the gallbladdei in three, in the cecum in 
two, in the jejunum in two, in the uteius in one, m the hi east in one, in the 
hepatic duct 111 one, and in three cases, without postmoitem study, the site 
of the oiigmal lesion was not definitely found (Table I) 

Tabll I 

FINDINGS IN rORT\-rOUR CASl S OF KRUKl NDLRG S TUMOR 


Nature of Metastatic Involvement 


Primary Lesion 


Bilat- 

Perito- 

Pen 

Generalized 


Average 
Postoperatn c 





Fre 

eral 

neal 

aortic 

Carcinoma 


Life 

Site 

quency 

0\arian 

Implant 

Nodes 

tosis 

Ascites 

(in months) 

Stomach 

20 

17 

P 

5 

12 

10 

9 8 

Sigmoid (rectosigmoid) 

7 

6 

4 

2 

5 

I 

12 8 

Colon 

4 

2 

2 

2 

2 

0 

3 

Gallbladder 

3 

3 

2 

I 

2 

2 

2 5 

Cecum 

2 

I 

I 

I 

I 

0 

0 S 

Jejunum 

2 

2 

2 

I 

2 

I 

0 25 

Uterus 

I 

0 

0 

0 

0 

0 

0 75 

Breast 

I 

I 

0 

I 

1 

0 

0 5 

Hepatic duct 

I 

0 

0 

I 

I 

0 

2 

Unknown 

3 

3 

2 

0 

2 

3 

4 

Totals 

44 

35 

22 

14 

28 

17 

3 61 


Pathologic Obseivafiom — Oui description of the gioss chaiacteiistics of 
the laigei Kiukenbeig tumors that ive studied would only lepeat the ex- 
cellent desciiption written by Kiukenberg The laigest tumoi that we en- 
countered was appioximately 24 cm in diameter, the smallest uas the size 
of an atrophic ovary All of the tumoi s that we studied had a smooth capsule, 
weie fiee of adhesions, and possessed an iriegulai nodulai contoui Asso- 
ciated cysts weie often found Theie was a sti iking tendency for the tumoi 
to maintain the geneial foim of a normal ovai)^ In oui expeiience, theie was 
not alwaj'^s gross evidence of othei metastasis The cut suiface of the tumoi 
had a myxomatous appeal ance After a time the substance of the tumoi 
showed a tendency to recede, leaving a concave lather than a convex cut 
surface Regions of neciosis weie often encounteied 

Microscopically, the epithelial elements composed of large rounded 01 
polyhedral cells were seen m groups of vaiying size, intimately mingled with 
the fibiotis stioina The epithelial cells weie in some instances forming well- 
defined glands, in others no glandular airangement could be seen, but rathei 
the appearance was that of wild cellulai piohferation (Fig i) Interestingly 
enough, the above variation was seen not only in diffeient sections of the 
same tumor but also in diffeient legions of the same section (Fig 2) The 
nuclei of the epithelial cells were usually displaced peripheially and com- 
pressed by mucus giving rise to the “signet-i mg” appeal ance The fibrous 
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stroma vaiied but little, being quite dense in a few regions, but in most, 
loose and edematous Little has been written regarding the stromal reaction 
when the ovary is invaded by a caicinoma The loose areolai-like stroma lying 
between regions of dense stroma seemed to us almost constant 

Comment — What constitutes a so-called Krukenbeig tumor ^ The 
views of otheis already have been given herein With the view that all or 
most of the original criteria in Kiukenbeig’s original description must be ful- 
filled, we whole-heartedly disagree It is oui feeling that the criteria for the 


(a) (b) 



Fig 1 — Typical microscopic picture of Fig 2 — Krukenberji’s tumor, (a) section show- 

Krukenberg’s tumor (X275) mg complete lack of differentiation, (b) section of 

same tumor showing glandular formation (><465) 


classification of a particular pathologic finding must be such that all like 
lesions can be included There is one constant finding in Krukenberg 
tumois and that is mucus in the epithelial cells As previously mentioned 
there are those who state that “signet-i ing” cells are not always found It 
is tiue that then piominence vanes gieatly but in our expeiience careful 
search nearly always reveals some of them At any rate, all will agree that 
mucus-containmg cells are the most constant finding All the other typical 
findings fail to be present in some cases It is true that most metastatic 
adeno-“colloid” carcinomata of the ovary, by the time they are diagnosed, 
appear similar grossly and microscopically to the tumor which Krukenberg 
desci ibed However, that a lesion has not had ample time to manifest a gross 
pathologic picture is no reason for its not being properly identified A few 
metastatic “signet-iing” carcinomatous cells m the cortex or hilus of an 
ovary constitute a Krukenberg tumor just as does a similar tumor the size 
of a child’s head (Fig 3) The foimei needs only time to mimic the latter 
Ewing suggested that lesions showing acinar structures should be excluded 
However, serial sections will reveal aciiiai structures 111 a high percentage of 
all so-called Kiukenberg tumors As previously stated it is interesting how 
both types of pictures can be seen in the same section (Fig 2) An ovary 
involved secondary to a low grade adeno-“colloid” carcinoma of the colon 
shows a great deal of acinar structure, yet it is not dififerent from an ovary 
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involved secondaiy to a high giade adeno-“colloid” carcinoma of the stomach 
which shows a very little acinai stiuctme Each of these types of ovarian 
lesion IS a metastatic adeno-“colloid” caicmoma of the ovaiy We feel that 
these tumors should be desciibed, like other metastatic tumors, merely as 
metastatic carcinoma of the ovaiy Realizing, howevei, that the term 
“Kiukenbeig’s tumoi” will continue to flouiish in medical hteratuie, we con- 
tend that it should include all metastatic adenocarinomata of the ovary 
Theie is no real diffeience between metastatic adenocaicinoma of the ovary 
and metastatic adeno-“colloid” carcinoma of the ovary, save foi the piesence 
of mucus m the lattei Howevei, if this diffeience weie ovei looked, not even 
the lemotest leason would ever exist to use the teim “Ki ukenberg’s tumor ” 
Whethei oi not the piesence of mucus can always be demonstrated in 
the piimaiy lesion we do not know It alieady has been pointed out, herein, 
that some woikeis repoit finding adeno-“colloid” caicmoma m the ovary 
secondaiy to a primal}' adenocaicinoma, which contained no mucus This 
was not oui observation In eveiy instance in which it was possible to 
examine the pi unary lesion there was definite evidence of the presence of 
mucus therein The amount of mucus in the piimaiy lesion roughly varied 
inversely to the giade of the carcinoma, giaded by Biodeis’®”® method on the 
basis of one to foui 

By what route does metastasis occur ^ There aie four possibilities that 
we wish to consider (i) Spiead by peiitoneal sedimentation, (2) spread by 
lymphatic channels, which must include retrograde spread, (3) extension 
by continuity, and (4) spiead by way of the blood stieam 

Two reasons have been advanced foi believing that spiead may occui by 
means of peritoneal sedimentation (i) Carcinoma cells aie frequently found 
in peritoneal fluid 111 cases of abdominal carcinomatosis (2) Eaily involve- 
ment of the ovaiian coitex without involvement of the ovaiian medulla is 
occasionally seen (Fig 3) 

Certainly no one will question the fiist leason If cai cinomatous cells 
are piesent 111 the fluid there is no reason why they should not attack the 
ovary just as they may and do attack other stiuctuies What depth the 
primary lesion must reach in the involved wall, so that caicmoma cells may 
invade the peritoneal fluid we do not know 

The second reason we admit is open to question One does occasionally 
encounter involvement of the ovaiian suiface 01 cortex but does not find 
involvement of the ovarian medulla 01 hilus We have one such case (Fig 3) 
By what mechanism the geiminal epithelium is permeated, if it is, we do 
not know 

Anothei reason, listed by some, as previously mentioned, is the high in- 
cidence of peritoneal implants in these cases This ceitainly is not evidence 
against the possibility of this type of spread but it must be remembered 
that, as Broders” has pointed out, the peritoneum contains a netwoik of 
lymphatic vessels Spiead along these vessels with occasional involvement 
of the peritoneal surface would produce a pictui e similar to that described by 
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Boyd ^ We do not know that this ever happens but we do know that car- 
cinoma cells invade the peiitoneal lymphatic vessels Figure 4 illustrates a 
peiitoneal lymphatic vessel loaded with cai cmomatous cells 



Fig 3 — Tin> metastatic nodule at periphery of ovarj — one 
may note break in the continuity of the germinal epithelium 

(Xt 5 s) 


We feel, theiefore, that since carcinomatous cells aie frequently found in 
peritoneal fluid it is logical to conclude that metastasis by peritoneal sedimen- 
tation may occui The occuirence of involvement of the ovarian surface, in 
the absence of other ovarian involvement, adds to this hypothesis The high 
incidence of peritoneal implants, we feel, adds to the hypothesis but hardly 
justifies a conclusion either for or against it 

Factors in favor of spiead by way of lymphatic vessels, some of which 
have been mentioned previously by others, are (i) the high incidence of 
bilateial ovarian involvement, (2) the smooth surface of the involved ovary, 
adhesions larely being encounteied, (3) maintenance by the involved ovary 
of the shape of the normal ovary, (4) the widespiead and exti a-abdommal 
metastasis sometimes found, (5) the high incidence of peri-aortic lymph node 
involvement, (6) the demonsti able evidence of carcinomatous cells m the 
peritoneal lymphatic vessels, and (7) the occurrence of ovarian carcinoma 
secondaiy to carcinoma of the bieast 

It IS obvious that no strong aigument can be advanced to support the 
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hypothesis that bilateial involvement is suggestive of spiead by way of 
lymphatic vessels The smooth surface and maintenance of noimal ovarian 
shape ceitainly aie suggestive of giowth fiom within The simplest entiance 
to the medulla is surely through the hilus by way of lymphatic vessels (Fig 5) 
The widespiead metastasis so often found outside the abdominal cavity necessi- 
tates spread either by lymphatic vessels 01 by the blood stream It may be 
said that the peri-aoitic nodal involvement, so often found, is secondaiy to the 



Fig 4 — Peritoneal Ijmpliatic \cssel Fig s — C ortc'c of o\nry, showing 

loaded with carcinoimtous cells (Xiso) Ijmphatic \eS‘!el it Inch contains carcinoma 

tons cells (Xi 2 s) 


ovarian lesion that previously had aiisen by some other loute This may be 
true Ovaiian carcinoma secondaiy to caicmoma of the breast must start at 
least thiough the agency of the lymphatic or blood stream 

We believe that the above-mentioned leasons are suggestive of the likeli- 
hood of spiead by way of the lymphatic vessels in many cases As stated, 
this may not always be by 1 eti operitoneal spiead and m turn by retrograde 
spread, but may m some instances be by way of the peritoneal lymphatic 
vessels Figuie 6 repiesents a section of ovaiy that showed no gross evidence 
of metastatic lesions By cutting several sections this tiny metastatic nodule 
was found In contrast to Figuie 2, showing a small nodule near the peiipheiy, 
this metastatic nodule is near the medulla, adjacent to a lymphatic vessel 
Extension by continuity from sliuctures adjacent to the ovary unques- 
tionably does occui Although little has been wiitten legaiding this type of 
spread, one may peihaps infei that it is conceded by all 

Extension by way of the blood stream ceitainly is within the realm of 
possibilities This type of spiead is sometimes used to explain metastasis 
from the breast to the ovaiy Theie is no leason foi thinking that blood 
vessels are not occasionally eioded giving rise to spiead by way of the blood 
stream 
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The only logical conclusion, with our pi esent knowledge, is that metastasis 
may occui in any one oi in all of the ways already mentioned The pre- 
dominant type of spi ead in any pai ticulai case pi obably depends on at least 
three factois (i) The site of the piimaiy lesion, (2) the depth to which 
the wall of the piimaiily involved viscus has been invaded, and (3) the degree 
01 glade of malignancy of the piimaiy lesion 

Does a piimaiy adeno-“colloid” caicmoma of the ovaiy ever mimic 
Kiukenbeig’s tumoi ^ Piimaiy adeno-“colloid” caicmoma of the ovary does 



Fig 6 — Hilus of ovary showing lymphatic vessel which contains 
carcinomatous cells (X8s) 


occur The case lepoited by Andrews- is the most convincing, but it may yet 
piove to be a metastatic lesion It may be safely concluded that primary 
adeno- ‘colloid” caicmoma of the ovaiy may raiely mimic Krukenberg’s 
tumoi At pi esent, the most plausible explanation regaiding the origin m the 
o\aiy IS the h3i'pothesis that an entodeimic type of epithelium predominates 
and inhibits the othei elements m an originally teratomatous lesion 

hat suigical proceduies aie indicated m dealing with these cases ^ This, 
of couise, depends on many factors, chief of which are the patient’s general 
condition and the extent of the gi owth Given a patient cc ho is a poor surgical 
iisk 01 one shoving evidence of extensive metastasis, surgical tieatment is 
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contraindicatedj save for the relief of an obstruction of the gastro-intestinal 
tiact Given a patient who is a good siugical risk without extensive car- 
cinomatosis, the uterus, tubes and ovaiies should be removed This procedure 
IS justified for thiee reasons (i) The pathologist’s diagnosis may be wiong, 

(2) the remaining days or months which the patient has to live will be more 
comfortable without the presence of a huge pelvic mass and abundant ascites , 

(3) the increased mortality and morbidity associated with this pioceduie are 
not great enough to warrant not attempting to give the patient the comfoit 
that would lesult from such a proceduie Circumstances may justify leaving 
the uterus intact but an appaiently atrophic ovary should never be left intact 
Two of oui cases emphasize this point In one, a unilateral, solid ovarian 
tumor was removed elsewhere This patient registered at the clinic four 
months later and had a tumor of the remaining ovary with consideiable 
ascites In the second case, which was similar to the first, not even a palliative 
procedure was adiised owing to the extensiveness of the gastric lesion, as 
shown on 1 oentgenologic examination Both patients could have been made 
comfortable longer with adequate original surgical treatment We are aware 
that eveiy surgeon cannot have a pathologist at his side, paiticularly one who 
IS experienced with the diagnosis of fresh tissue A good general rule, m 
this case, is to remove both ovaries when a solid tumor is found involving 
either one, paiticularly if the patient is past 01 near the menopause 

What surgical inteifeience is warranted m dealing with the pi unary lesion^ 
This, in our opinion, usually depends upon one factoi — the site of the pi unary 
lesion All things being equal, the suigeon is justified m being moie radical 
when the primary lesion is m the colon than when it is elsewheie, because of 
the frequent relatively low grade of these lesions 

Are any other types of treatment indicated^ FenneB^ leported a case of 
mtei current development of uterine carcinoma Radium treatment foi the 
uterine lesion was of benefit but the gastric caicmoma then seemed to become 
more active 

SUMMARY 

We have presented 44 cases of Krukenberg’s tumors, five of which pievi- 
ously have been studied and reported by Masson We believe that the term 
“Ki ukenberg’s tumor” should not be used Howevei, since, m all probability, 
such a term will continue to be employed, all metastatic adenocarcmomata of 
the ovary should be included in this group W e have attempted to show that 
these tumois vary only in size and degiee 01 giade of malignancy We have 
demonstrated a few metastatic, “signet-iing,” carcinomatous cells m the 
coitex of an ovary that need only tune m order to invade the entiie ovary 
and to produce a typical gross pathologic and clinical picture of Krukenbeig’s 
tumor We have demonstiated the tremendous stiuctural variation seen m 
different parts of the same microscopic section, as evidence of the wide varia- 
tion in structure throughout the tumor This, ue feel, suppoi ts our con- 
tention that tumois found to contain glandular structuies when examined 
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microscopically should not be excluded We have further stated that iieaily 
all Kiukenbeig’s tumois will show some glandular structures if serial sections 
aie made In our experience, mucus has always been found, as evidenced by 
the piesence of “signet-img” cells The variation m the amount of glandulai 
stiuctuie and amount of mucus, we believe, is laigely dependent on the giade 
of malignancy of the pi unary lesion, varying mveisely 

That metastasis may occui in one or all of four ways is oiii contention 
This conclusion is based on the following obseivations We have found peri- 
toneal lymphatic vessels loaded with carcinomatous cells, this obseivation 
demonstrates the possibility of spiead through peritoneal lymphatic channels 
Peiitoneal implants may aiise fiom similarly involved, adjacent lymphatic 
vessels Spread to the ovary may occui by this route The high incidence 
of involvement of peii-aoitic nodes is suggestive to us, as it has been to 
otheis, of spread fiequently by the letioperitoneal lymphatic system It has 
been pointed out that there is no leason why caicmoma may not spread by 
way of the blood stieam, when blood vessels are eroded by the giowth We 
do not doubt that spiead may occur by infiltration of contiguous structures 
Lastly, spiead by a piocess of peritoneal sedimentation is, to us, perfectly 
logical Caicinomatous cells are frequently found m peiitoneal fluid m cases 
of carcinoma of the stomach Spread by this loute, therefore, is logical for 
there is no reason why the ovary should not be involved when the peritoneum 
',is involved, as is indicated by the presence of peritoneal implants If one 
'admits the logic of this aigument and believes that caicmoma may spread by 
way of the lymph stieam, blood stieam, and by infiltiation of contiguous 
structures theie can be only one conclusion That conclusion is that spread 
may be by any one oi by all foui ways 
^ We have stated above that the predominant type of spread in any par- 
tiiular case probably depends on at least three factors (i) The site of the 
pr.mary lesion, (2) the depth to which the wall of the pnmaiily involved 
viscus has been invaded, and (3) the degiee or grade of malignancy of the 
primary lesion 

It IS our belief that pi unary adeno-“colloid” caicmoma of the ovary rarely 
miniics Krukenberg’s tumoi Infi equently it 1^ difficult to distinguish between 
an edematous primaiy ovarian carcinoma and a metastatic “colloid” carcinoma 
of the ovary The compai atively typical stromal leaction seen m an ovaiy 
being invaded by caicmoma and its value m helping one to distinguish be- 
tween a pi unary and secondary ovarian carcinoma has been pointed out 

It IS difficult to make geneial rules as regards tieatment As in cases of 
carcinoma occurring elsewheie in the body operation perhaps offers more 
than d(/es any othei type of tieatment We admit, however, that we do not 
actually know the value of other types of treatment, particularly roentgeno- 
theiapy We bung up the question as to whether roentgenotherapy, in some 
instances, may hasten death The tendency to be more radical m dealing 
with thii condition when the piimaiy lesion is m the colon has been sug- 
gested because of the fiequent relatively low grade of these lesions Although 
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the surgeon is confronted with a hopeless situation, he must not be blinded 
by the futility of trying to cuie metastatic carcinoma but he must realize 
the value of palliation and of adding a few months to the patient’s life 
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Desmoid tumors are benign fibromata arising from musculo-aponeui otic 
structures According to MacCaity,^® they are fibiocytomata occurring in 
striate muscle The majonty of them occur in the anterior abdominal wall, 
hut they also occur, not infi equently, m othei parts of the body 

This study is concerned with the clinical and pathologic manifestations of 
the 77 desmoid tumois which have been diagnosed at the Mayo Clinic during 
the past 30 years (January i, 1908, to December 31, 1937, inclusive) The 
histones of these cases have^been caiefully abstracted, with especial reference 
to sex, age, symptoms, known duration of tumoi, trauma, pievious operations, 
pregnancies, treatment and lecuiience, wheie definite follow-up information 
was available The gross specimens weie studied, and micioscopic sections 
were made of each tumoi m ordei to study cellulai detail 

In order to be able to compaie the results of this study with the results 
of those leported in the hteratuie, desmoid tumois have been divided into two 
groups (i) Those occnniiig in the anteiioi abdominal wall, and (2) those 
occurring m the musculo-aponeurotic structuies elsewheie m the body 

The histoiy of desmoid tumors appaiently began in 1832, with the report 
of two cases by Macfailene, of Glasgow Although he did not com the term 
“desmoid,” theie can be little doubt, from the details given, that the tumors 
were examples of fibroma of the abdominal wall The first was described 
under the title, “Oiganized Sarcomatous Tumour between the Layers of the 
Abdominal Muscles,” and the other as a “Fibrocaitilagmous Tumoui” in the 
same situation The first patient was cured by excision of the tumor, the 
second patient died of peritonitis following excision of the tumor 

Muller, in 1838, first suggested the use of the term “desmoid” because of 
the band and tendon-hke arrangement in these fibrous tumors However, 
the tumors were called, and generally referred to by the Fiench term “fibiome 
de la paioi ahdominale” until Sanger (1884) revived the term “desmoid” m 
conjunction with his operative innovation of resecting the peritoneum m 

The material m this paper was submitted by one of us (Pearman) to the Faculty 
of the Graduate School of the University of Minnesota, in partial fulfillment of the re- 
quirements for the degree of M S in Surgery 
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cases m which this membrane was adhered to the growth rather than shelling 
out the tiimoi fiom its false capsule as previously had been done 

Accoiding to Labbe and Remy, nine cases of desmoid tumors had been 
reported piioi to 1850 The fibious natuie and benign chaiacter of these 
tumors were lecognized from the onset, although there was much contioveisy 
as to their point of origin Huguier (i860) coiiectly stated the fibious nature 
ot the giowth, but believed that it arose by a pedicle fiom the peiiosteum of 
the pelvis, and suggested section of the pedicle as a method of treatment 
While the French were being misled by Huguier, Cornils (1865) and 
Buntzen (1868) developed the musculo-aponeurotic theoiy of origin and 
suggested treatment by excision Guyon, m 1877, coirected the eiioi initiated 
by Huguier In 1875, Suadicam made the gieat advance of applying hsterism 
to the extirpation of these tumors 

Except foi occasional case repoits, the teim “desmoid” was seldom seen 
111 the hteiatuie until 1890, when Leddeihose reviewed 100 cases reported m 
the hteiatuie, and, m 1904, when Pfeiffer, m a monograph, collected and 
analyzed 400 cases (40 of his own and 360 reported in the hteiatuie) Since 
then vai lous case repoi ts and summai les have appeared in the htei ature, such 
as those of Stone, Balfour, Stewait and Mouat, Bessesen, Bevan, Cullen, 
Delbet, Mai low, Polacco, Poweis, Walteis and Chuich, Nichols, Danforth, 
Calm, Andiews, Mason, Peiiick, and Geschickter and Lewis 

Mankin collected, fiom the literature, repoits of 629 cases of neoplasms 
of the anteiioi abdominal wall , in 423 of the cases the neoplasm was a fibroma 
and in 152 it was a fibrosaicoma 

Most of the leports have concerned desmoid tumois of the abdominal wall, 
howcvei, in a number of cases of desmoid tumois, such as those leported by 
Bellangei, Cigolini, Salto, Auvray,-- ^ Hoffmeister, Mason and Esau, the 
tumois occurred elsewhere in the musculo-aponeui otic stiuctuies of the body 
Desmoid tumors are of compai atively mfiequent occuirence Gurlt, of 
Vienna, found only eight m a study of 16,637 tumors Labbe and Remy 
observed ten cases during 20 years, Billroth, 16 m 23 years, Nelaton, 15 m 
26 years , Pfeiffei, 40 cases at von Brun’s Clinic, at Tubingen, in 46 years, and 
Mason, 50 cases during 24 years 

Although the real cause of these tumors still remains unknown, much has 
been written on this phase of the subject 

In the 400 cases included in the monograph by Pfeiffei, 87 r per cent of 
the patients were women Data regarding the occurrence of piegnancy weie 
available m 265 of the cases m which the patients were women In 250, or 
94 3 Pci cent of the 265 cases, the patients had borne childien In 93 per 
cent of the cases repoi ted by Stewait and Mouat the patients were womeij, 
and 80 pei cent of these women had borne one 01 moie children In most of 
the cases lepoited by Stewart and Mouat the tunioi occuired 111 the third or 
fouith decade of life Geschicktei and Lewis reported 20 cases of desmoid 
tiimoi s of the abdominal wall In 19 of the cases the patients were females , 
m 17 of the 19 cases the patients weie between the age of puberty and the 
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menopause All of the tumors weie related to pregnancy or the scar of an 
opeiation These authors stated “The lanty of such fibiomata is m 
keeping with the simple and direct formation of adult fibrous tissue from 
mesenchyme The simplicity of this differentiation m a tissue which retains 
Its power of legeneration supplies very few ‘embryonic lests,’ m the sense of 
Cohnheim, fiom which tumors might arise” These authors expressed the 
opinion that there is some lelationship between these growths and sex 
physiolog}'^ 

Stewart and Mouat said that there was a histoiy of tiauma or severe mus- 
cular strain in nine of their cases and that the tumoi occuired in an operative 
scar m five cases Penick, in a review of the hteiature, found leports of 15 
cases m which the tumor arose in opeiative scars and added two cases in 
which this occuired Auvra}^,- Esau Hoffmeister, and Cigohni also repoited 
trauma as a possible causal factoi Ebnei, m 1880, advanced the theor}'^ now 
held by MacCaity,-® namely, that these tumors lesult from musculai rupture 
either m consequence of violent effort 01 traumatism Labbe and Remy 
(1888) suggested that musculai luptuie duiing violent contractions of labor 
was the real explanation, that is, the physiologic ti auma of laboi 

In view of the tiaumatic theorjq N^igaaid contiasted the compai atively 
common hematoma of the rectus muscle caused by severe strains or infectious 
diseases with the rare spontaneous hematoma in the same muscle In all of 
the 72 cases which he lepoited, the patients weie women, and all of the 
women except one veie multiparae In ii cases spontaneous hematoma oc- 
curred during pregnancy The clinical pictuie was usually misinteipieted and 
practically all of the patients were treated suigically 

It appeals highly piobable that this condition may be the basis of desmoid 
tumors, that is, organization in an hematoma and subsequent hypeiplasia, the 
cause of the latter being unknown Repetto expiessed the opinion that a 
desmoid tumoi is the result of an inflammatoiy leaction in a small hemoiihage 
in the abdominal wall followed by fibrosis and hypeiplasia 

V arious clinical obsei vations haA^e been 1 epoi ted in regai d to these tumoi s 
Stewart and Mouat said that the tumoi is usually discovered accidentally by 
the patient 01 b)’- a physician aftei some slight tiauma has led to physical 
examination The piesence of the tumoi may occasionally cause pain of a 
localized or radiating nature Even when the tumoi has attained consideiable 
size it rarely causes piessure symptoms, and signs and symptoms of intra- 
abdommal involvement are lacking The tumoi does not involve the skin, 
which can be moved freely ovei the tumor With the abdominal muscles re- 
laxed, the tumor can he moved about m certain directions with sufficient fiee- 
dom to show that it is unconnected with any inti apei itoneal structure It is 
also immobilized by contraction of the muscle 01 muscles m ivlnch it lies and 
recovers its mobility when the muscles aie relaxed It must be considered in 
the differential diagnosis of tumoi s occuiring m opeiative scais, as pointed 
out by Balfoui , Danforth and Mason Cigohni, Salto, Auvray-’ ^ and Esau 
have pointed out that the tumor must be suspected m all cases in which a 
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tumor occuis m muscle and that a biopsy should be peifoimed to deteimme 
its exact natuie 

The gross and microscopic appeal aiice has been well-desci ibed by vanous 
authois Stewait and Mouat leported that the tumois always occui singly 
They may be oval, lound oi flat, and they may vaiy m size fioni i to 12 cm 
in diametei Rokitansky (1880) desciibed one weighing 17 Kg Montgomery 
and Bland (1905) lepoited a case in which the tumoi weighed 19 pounds 
(8 6 Kg) The tumor may hecome adheient to the fascia 01 peritoneum 
Owing to the pressuie of the gi owing tumoi against adjacent stiuctuies it may 
appeal encapsulated It is densely haul, white or pinkish, and cuts with 
difficulty 

The micioscopic structure, accoiding to Geschickter and Lewis, is that of 
a 1 ather cellulai fibroma occui ring in sti late muscle The tumor is deal ly an 
mfiltiating type, without a capsule The especial featuies of the tumoi are 
the inclusion of stiiate muscle, as desciibed by Duiante (1902) 

The tieatment, accoiding to most of the wi iters on the subject (Balfour, 
Mason, Stewait and Mouat, Pfeiffei, Penick, and Geschicktei and Lewis), 
IS surgical 

The prognosis, accoiding to Geschicktei and Lewis (1935), is good, as 
the majority of then patients lived well beyond the five-year peiiod, after 
surgical lemoval of the tumoi Pfeiffei (1904) in a postopei ative study of 
107 cases found a lecunence m 33, 01 308 pei cent In Stone’s first case 
(1908) the tumoi recuired and was again excised, 20 yeais aftei the first 
opeiation In Morison and Diuinmond’s case there was no evidence of lecur- 
lence two years aftei the second excision 

ANALYSIS OF CASES 

An analysis of the present sei les of 77 cases of desmoid tumor reveals that 
in 55 cases the tumor occui led in the anterioi abdominal wall, and m 22 cases 
It occui red elsewhere m the skeletal imisculai system (Table I) 

Table I 

SITE or desmoid tumors 
Site of Tumor No 

Anterior abdominal wall (rectus abdominis external 
or internal oblique or transversalis muscles) 

Pectoralis major 
Muscles about the scapula 
Rectus femoris 
Gluteal muscles 
Sternomastoid muscle 
Posterior belly of digastric muscle 
Biceps brachii 
Extensor carpi ulnans 

Hamstring muscles (biceps femoris, semitendmosus 
and semimembranosus) 

Dorsum of foot 
Masseter 

Scar of radical operation on the breast 
Total 
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of Cases 

55 

5 

4 

3 

2 

I 

I 

I 

I 

I 

I 

I 

I 
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The following is an analysis of the 55 cases in which the tumois occurred 
in the anterior abdominal wall In 40 cases, the patients were females, and m 

15 cases, the patients were males Most of the tumois occurred between the 
ages of 20 and 40, among the females, and between 40 and 60, among the 
males The size of the tumoi s vai led widely , m most cases the tumoi s were 
between 3 and 8 cm m diameter The known duiation of the tumors varied 
from one month to several years No lelationship was noted between the 
size of the tumoi and its known duration There was a history of pregnancy 
m 25 of the 40 cases m which the patients were females A history of tiauma 
was obtained in four cases, and in 14 cases the desmoid tumor occurred in an 
operative scar In 47 cases the patients were treated by excision, and in eight 
cases they weie tieated by a combination of excision and 11 radiation Follow-up 
infoimation was available m 47 of the cases m which the tumor occurred in 
the anterioi abdominal wall In 39 of the 47 cases excision only was em- 
ployed, and 111 the lemaining eight cases excision and subsequent irradiation 
weie employed Local lecurrence of the tumor was noted m three cases in 
which the treatment consisted only of excision of the tumoi, and in one case 
in which iiiadiation was employed following excision In two of the three 
cases in which a local recurrence followed treatment by excision only, the 
lecurient tumors weie excised, and follow-up data aie available foi eight 
and ten years, lespectively, aftei the second opeiation The tumor did not 
lecm aftei the second operation in eithei case In the 55 cases m which the 
tumors involved the anterior abdominal wall, 20 patients were known to be 
alive ten years, and 16 patients are known to be alive five years, respectively, 
following the completion of treatment There were 20 known ten-year cures 
and 16 known five-yeai cures in this gioup of cases 

The following is an analysis of the 22 cases in which the tumor occurred 
elsewhere m the skeletal musculai system than m the anterior abdominal wall 
The site of the tumois is shown in Table I In the 22 cases, seven patients 
were males and 15 were females Most of the tumors occuried between the 
ages of 20 and 40, m the females, and 40 and 60, in the males The size of 
the tumors varied from i cm to 10 cm m diameter The known duration 
of the tumois varied fiom one month to 24 years No lelationship was noted 
between the size and known duiation of the tumoi There was a history of 
pregnancy in eight cases, and a history of trauma was obtained in two cases 
The tumor occurred in an old opeiative scar in only one case (Table II) In 

16 cases, the patients were tieated by excision only, and in six cases, the 
patients weie treated by excision combined with iriadiation therapy Fol- 
low-up information was available in 15 cases In ten of the 15 cases, treat- 
ment consisted of excision only, in the remaining five cases, excision was 
followed by irradiation There was a local lecurrence of the tumoi m the 
ten cases m which excision only -was employed, but no local lecurrence was 
observed m the five cases m which excision was followed by 11 radiation In 
the 22 cases, in which the tumors weie situated elsewhere than in the anteiior 
abdominal wall, tin ee of the patients have lived for ten years, and four patients 
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have lived for five yeais, i espectively, following the completion of tieatment 
(Table II) 


Table II 

CLINICAL DATA AND RESULTS Or TREATMENT IN 77 CASES OE DESMOID TUMOR 
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* In two of these cases the recurrent tumor was excised, in the two cases there was no evidence of a second 
recurrence eight and 12 years respectively after the second excision 


The following is an analysis of the 77 cases Twenty-two of the patients 
were males and 55 were females A histoiy of piegnancy was obtained m 
33 cases, a histoiy of tiauma was obtained m six cases, and the tumor oc- 
cuiied in an opeiative scai m 15 cases In 63 cases, treatment consisted of 
excision only, m the lemaining 14 cases, excision was followed by iriadiation 
Theie was a local recuiience of the tumor in six, or 9 5 per cent, of the 63 
cases m which excision only was employed, and in one, or 7 r per cent, of the 
14 cases m which excision was followed by iiiadiation Theie weie 23 known 
ten-year cuies and 20 known five-year cuies 

Theie was only one postopei ative death in the entiie senes of 77 cases 
This was due to infection of the operative incision following the lemoval of 
a laige desmoid tumoi from the anteiioi abdominal wall (an operative moi- 
tality of I 3 per cent) 


CLINICAL ASPECTS 

Desmoid tumoi s must be consideied in the diflFeiential diagnosis of all 
masses that aie situated in 01 come m contact with the musculo-aponeui otic 
stiuctuies of the body In this senes of cases the patients, geneially, sought 
aid because of the piesence of a tumor mass Other less fiequent complaints 
weie A diagging sensation 01 sense of weight in the abdomen , a mild sticking 
pain, a sudden inciease in size of a pieviously small nodule, a bizaire pain 
111 the abdomen, and a sense of piessuie on the bladder 

In this senes of cases the desmoid tumors weie found moie frequently m 
the antenoi abdominal wall than elsewhere m the body and, occasionally, had 
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been diagnosed by the clinician as being intra-abdoininal They had been 
mistaken for hydrops of the gallbladder, a laige stone in the gallbladder, a 
tumor of the omentum oi mesenteiy, panel eatic cyst, a uterine tumor, a 
tumor of bone, and a tumor of kidne}'^ When situated elsewheie in the body 
they geneially had been mistaken foi sarcomata 

The following points have pioved of value in the clinical diagnosis of 
these tumois As a rule the tumor is smooth, round oi flat, flim and discrete 
The tumor is situated below the skin but is not attached to it The tumor is 
movable, moves with the muscle to which it is attached, and is immobilized 
by conti action of this muscle On deep inspiiation the tumoi moves forwaid 
but not downward as do most intia-abdominal tumors 

A desmoid tumoi must be distinguished from keloids, fibrosaicomata, in- 
flammatory conditions, and lesions which extend secondaiily to the abdominal 
wall from neaiby organs A keloid will, more fiequently, be difficult to dis- 
tinguish from a desmoid tumoi than will othci conditions mentioned because 
this overgrowth of fibious tissue is closely allied to the desmoid tumoi and 
lesembles it in many respects The common keloid involves the skin and 
subcutaneous tissues to foim laised legions coveied with shiny epithelium, in 
this respect it difteis fiom a desmoid tumoi, which involves the skin occa- 
sionally, and then only secondaiily, and is usually situated below the skin 
These two conditions can also be differentiated micioscopically The keloid 
IS 1 datively acellular with conspicuous tracts of collagen, the lemains of 
obliterated capillaiies aie usually visible A desmoid tumor is moie vascular 
and moie cellulai than a keloid and evidences of cellular activity are more 
noticeable 

According to MacCaity,-" the only way to be ceitam of the diagnosis 
IS to remove a specimen at the time of opeiation and examine it micioscopically 

GROSS AND MICROSCOPIC PATHOLOGY 
A fleshly lemoved tumoi is dense, haid and tough, and cieaks undei the 
knife The cut suiface bulges, is white oi pinkish m coloi, glistens, and the 
intei lacing bundles of white fibious tissue are usually seen without difficulty 
(Fig i) The larger tumors tend to be soft in the centei, either fiom edema 
01 mucoid degeneration, and some aie cystic Changes m the skin covering 
the tumor aie unusual There was no associated involvement of the lymph 
nodes in this series of cases 

The histologic picture is that of a lathei cellular fibroma occuning in 
stiiate muscle The central portion of the tumor pioved to be oldei than the 
peripheral portion The elongated adult fibious tissue cells lun in strands 
and bundles which are interlaced in all directions aftei the manner of the 
unstriate muscle bundles in a uterine fibroid (Figs 2 and 3) 

At the peiipheiy, where the tumor infiltiates the suriounding muscle, there 
IS a tendency for the tumoi to be somewhat moie cellular There is no capsule 
or definite line of cleavage between the tumor and the adjacent muscle It is 
only when the tumoi is bounded by a fascial plane that the appeal ance of 
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encapsulation is pioduceci (Fig 4) In spite of this infiltiation theie Mas no 
evidence of a sarcomatous change, such as nuclei containing laige amounts 
of daikly-stained chiomatm or laige multiple nucleoli, both of ivhich aie indi- 
cations of 1 apid pi ohfei ation Noi mal adult blood vessels Avei e noted tin ough- 
out most of the tumois These vessels n^ere an indication of the sloiv gioivth 
of the tumoi 



Fig 




Fk 4 


Fig 5 


Fig 6 


Fig 1 — Desmoid tumor removed from abdominal ivall, showing the characteristic band 
like arrangement 

Fig 2 — Cellular character of desmoid tumor (XaSs) 

ItG 3 — Cellular but benign appearance of a desmoid tumor (-<450) 

Fig 4 — Cross section of tumor Ijing between separated fibers of the rectus abdominis 
nnisck in the rectus sheath, the tumor appears to be encapsulated (Xi^^) 
nic 5 — Infiltration of muscle fibers b\ a desmoid tumor {X30) 

1 iG 6 — JIuscle with “foreign bod% like” giant cells (Xips) 
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The Special f eatui es of the tumor wei e the inclusion of sti late muscle fibers 
and the sequence of regiessive changes The earliest change was seen at the 
periphery of the tumor where the striate muscle was being infiltrated and 
broken up into constituent fibers (Fig 5) 

The muscle fibeis appeared to be stretched and attenuated They were 
iiiegular in outline and the transverse striations tended to disappear Here 
and there weie stiands lesembling unstriate muscle and “foieign body-like” 
giant cells derived fiom this muscle probably because of faulty nutrition 
(Fig 6) 

It IS easy to see that failuie on the pait of the surgeon to remove the 
tumor complete^ would leave strands of intei fibrillar desmoid tissue and 
result 111 a local lecuiience of the tumoi 

Comment — The cause of these tumors as yet remains unknown How- 
ever, the most logical theory of origin seems to be one of trauma superimposed 
on individual predisposition A history of trauma was obtained in 21 cases 
(accidental trauma 111 six cases and opeiative trauma in 15 cases), and a 
history of pregnancy (physiologic tiauma of laboi) was obtained in 25 cases 
Thus trauma appeared to be an etiologic factor in 46, 01 60 per cent, of the 
cases studied The endocrine theory, as related to pregnancy, seems void 
because 22 patients were males and only 33 of the 55 females had been 
pregnant 

No differences in etiology, clinical findings, pathology, curative treatment, 
or piognosis could be noted between the tumors which occurred in the anterior 
abdominal wall and those which occurred in other parts of the body 

At first glance, it would appeal that a combination of excision and 
1 oentgenotherapy would be the ideal treatment, since there was a recurrence 
in 9 5 per cent of the cases m which the patients were treated by excision 
only, and in only one, or 7 i per cent, of the cases in which the patients were 
treated by a combination of roentgenotheiapy and excision However, several 
factors have to be considered (i) The small number of cases in which the 
patients were treated by excision and radiation (14) as compaied to the num- 
ber treated by excision only (63), (Table II) , (2) the insignificance of the 
difference m number of five-yeai and ten-year cuies obtained by the two 
methods (Table H) , (3) no definite criteria weie used for the employment 
of roentgenotherapy — it was employed in some cases in which the tumor was 
completely lemoved suigically but was not used m some cases 111 which the 
tumor was laige or difficult to remove, and (4) a few of the patients had been 
treated unsuccessfully by 1 oentgenotherapy only befoi e they finally were cured 
by suigical treatment 

SUMMARY 

This paper is based on a study of 77 cases of desmoid tumoi s In 55 cases 
the tumor occuired in the striate muscle of the anteiior abdominal wall, and 
in the other 22 cases it occuried in striate muscle elsewhere in the body A 
desmoid tumor is a simple fibrous tumor that aiises in musculo-aponeuiotic 
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structures and tends to infiltrate the muscle in which it lies Trauma (acci- 
dental, operative, oi the physiologic trauma of labor) combined with an un- 
known individual predisposing factor, appeals to be the most logical theoiy 
of oiigm Theie was a peculiar change in the stiiate muscle fibeis enclosed 
in the growth This change appears to be a process of diffeientiation and 
lesults in the formation of multinucleated plasmodial masses resembling for- 
eign body giant cells These tumois do not undeigo metastasis nor do they 
endanger life, however, they do tend to lecur locally, unless completely le- 
moved Diagnosis is made by finding a fibrous tumoi in muscle , the tumor 
is fixed by contraction of that muscle A biopsy is indispensable for diagnosis 
Treatment consists of complete excision Roentgenotherapy appeals to be of 
little, if any, additional value The opeiative mortality m this senes of cases 
was I 3 per cent Theie was a local lecuirence of the tumoi in seven, or 
1 1 8 pel cent, of the 69 cases m which follow-up data were available W e 
did not discover any evidence that this tumor ever undeigoes saicomatous 
change 
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In a brief review of the history of tattooing employed in suigery, Shie^ 
stated that, in 1835, Pauli had successfully employed tattooing with mercuiy 
sulfide and white lead for the restoiation of the natural color to the skin in 
cases of nevus matcinus and superficial nevus vasculaus , that Schule, in 
1850, had recommended cosmetic tattooing with meicury sulfide following 
plastic operations upon the lips, and that the natives of Africa had incorpoiated 
powdered carbon in the wounds of othei parts of the body so that the healed 
scar would be black to match the color of their skin Carton, ^ m 1909, de- 
sciibed the use of tattooing by the native savages of Noith Afiica foi the tieat- 
ment of a vaiiety of othei lesions including the neuialgias The association 
of tattooing theiapy with neuial lesions has moie than passing significance 
Dohi,® in 1909, noted that syphilitic cutaneous lesions do not appear 111 the 
areas tattooed with meicury sulfide Dohi’s obseivations had been confirmed 
by Aoki'^ and Belote ^ On the basis of these observations, Cattani,® in 1922, 
recommended therapeutic tattooing with mercury sulfide (and other drugs 
usually employed topically) for the tieatment of chronic, localized cutaneous 
lesions In 1938, Hollander'’’ reported his studies on tattooing with mercury 
sulfide for the successful treatment of intractable pruritus am 

While a critical attitude toward a newly proposed tieatment for pruritus 
am IS justified (since over 200 different forms of treatment are said to have 
been proposed®), the distressing character of the lesion wai rants the trial of 
new procedures It is with such an attitude that we approached the investi- 
gation of the treatment of pruritus am by tattooing with mercury sulfide 
For this study, 22 patients with inti actable pruritus am of long standing, 
who had failed to lespond to established therapeutic measures, weie accepted 
for tattooing with mercury sulfide The results obtained m this group of 
patients was so satisfactory as to encouiage the continuation of tattooing 
with mercui y sulfide as a therapeutic procedui e ® On the basis of subsequent 
experience, one of us (R T ) has extended this form of treatment to a 
wider variety of cases 

The mechanism of the action of meicury sulfide deposited in the coiium 
by tattoo is still undetermined Our control studies showed that the me- 
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chaiiical tiauma, alone, as produced by the tattooing machine without the 
employment of meicury sulfide is ineffectual m controlling piuiitus am 
permanently ° The pi esent investigations suggest that a pharmacodynamic 
degeneiative effect upon the cutaneous terminal neive supply is pioduced 
which alteis the capacity of the terminal neive netwoik to lespond to 
adequate stimuli It is, also, likely that the alteration in the cutaneous 
modalities is proportional, within limits, to the amount of the intracutaneous 
deposit of mercury sulfide These problems ai e new and are i eceivmg 

fuither study 

Cattani*^ felt that meicuiy sulfide deposited m the coiium may act as 
an antiseptic Howevei, convincing pi oof for this contention is still lacking 
Dohi,^ long ago, questioned the value of mercury sulfide in infections other 
than syphilis 

The studies of the effect of the intiacutaneous deposit of mercuiy sulfide 
by tattoo upon the activity of the cells of the i eticulo-endothelial system 
(which are present m abundance m the coiium) are being pm sued 

In this communication the technic of therapeutic tattooing of the anal 
canal and perianal circumfei ence will he described m detail Since the adop- 
tion of this technic the incidence of “skipped” aieas (where localized areas 
of pruiitus may continue, and which is erroneously legaided as a lecurrence 
of pruiitus) has been greatly eliminated 

Swgical Anatomy of the Anal Canal — Embiyologically, the anal canal 
begins at the pectinate line or the level of the papillae and crypts of Morgagni 
For piactical puiposes^^ the staitmg point of the anal canal can be considered 
as the level at which the lectum passes through the pelvic diaphiagm, te, 
wheie the so-called fibiomuscular anorectal iiiig is formed by the internal 
sphincter, the deepest poition of the external sphincter, the puborectahs por- 
tion of the levator am muscle, and by the longitudinal muscles of the rectum 
The epithelium above the pectinate line is cuboidal and columnar in type The 
epithelium of the anal canal between the pectinate line and the anal mtermus- 
culai septum (the point of attachment of the longitudinal muscle of the rectum 
to the lining of the anal canal between the lower border of the internal sphinc- 
tei and the upper boidei of the subcutaneous poition of the external sphincter 
muscle) IS fiimly adheient to the undei lying tissues, and consists of a modi- 
fied squamous epithelium possessing no sweat and sebaceous glands, nor hair 
follicles Below the level of the anal intermusculai septum, there is true 
skin which covers the anal and inferior aspects of the subcutaneous com- 
ponent of the external sphinctei muscle In pimitus am, variable portions 
of the modified skin of the anal canal and of the true skin of the perianal 
ciicumfeience aie involved 

The sensoiy neive supply of the lining of the anal canal is piimaiily de- 
iived fiom the filaments of the inferior hemorihoidal neive 

Genoal Piocedwe — Systemic and geneial deimatologic disease having 
local anal and peiianal repi esentation aie always appi opi lately treated and 
eliminated, if possible, piioi to tattooing \Vhen, bowevei, the underlying 
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disease cannot be identified and successfully eliminated, one is forced to treat 
the symptom 

Women with piuiitis am and peimei, which occurs at or past meno- 
pause, are given a trial of estrogenic theiapy (the equivalent of 150,000 to 
250,000 lat units of estiadiol benzoate'*' (Piogynon B) administeied in bi- 
weekly, intiamusculai doses of 10,000 RU) If the localized pruritus is 
unielieved following endociine theiapy, tattooing with mercuiy sulfide is Gai- 
ned out 

Piior to tattooing, the patient is patch-tested foi evidence of cutaneous 
sensitivity to mercury, using 2 to 5 per cent ammoniated mercuiy ointment 
Positive leactois should not be tattooed with meicur}^ or its derivatives 
Tattooing with meicuiy sulfide or other chemicals is never cairied out 
m the piesence of mflammatoiy and infectious disease of the preformed anal 
ducts, anal glands, and the ciypts of Morgagni Lesions such as anal ulcers, 
hypeiti opined papillae, suppurations, fistulae, and hemorrhoids, which are 
the lesult of infection of the previously mentioned anal stiuctuies, are always 
eiadicated prior to tattooing Redundant perianal skin, even in the absence 
of anal lesions, is excised to facilitate tattooing 

Operation and tattooing are nevei performed at one sitting because the 
primaiy operation may be adequate foi the contiol of pruritus Secondly, 
in the piesence of open wounds, the mercuiy sulfide may get into the sub- 
cutaneous tissues and foim mercuiy pioteinate, which is toxic 

Ai mameiita) lum — The armamentarium consists of an electric tattooing 
machine,! such as that used for ornamental tattooing, with needle handles 
containing eight to 20 needles m a single row (m a tubular metal sheath), 
and piotrudmg for 2 to 4 mm fiom the end of the sheath The tubular 
sheath is adjusted so that when the machine is at a standstill the needle 
points aie flush wuth the end of the sheath 

Duiing tattooing, the needles have an up-and-down movement (the ampli- 
tude of which IS 2 to 4 mm ) and a speed of aliout 3,000 vibrations per 
minute A technical knowledge of the component paits of the machine, such 
as the teiminals, the switchboaid, the footswntcb, and the rheostat is essen- 
tial, and can be masteied best by actual contact with the equipment The 
needle handles and the sheath are sterilized by boiling in water 01 preferably 
by foimaldebyde vapoi 

Technic — The theiapeutic tattooing of the anal and peiianal legions re- 
quires fiom 45 to 60 minutes and is piefeiably undertaken in a hospital In 
most cases, satisfactory tattooing is accomplished in one sitting 

The choice of an anesthetic depends on peisonal expeiience and pief- 
erence Any foim of anesthesia that wall last for an houi or longei is sat- 
isfactory Fiom a piactical standpoint, the oil-soluble anesthetics (wdiich 
alone have been employed for the treatment of certain cases of piuiitus am) 

Supplied by Dr W H Stoner, The Schenng Corporation 
t Recentlj , one of us (R T ) has developed a simple, reciprocating, pneumatic tattoo- 
ing pistol which has many advantages over the instruments employed previouslj 
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aie desirable However, in Older to peimit a critical evaluation of the 
theiapeutic tattooing alone, we have purposely lefrained from using the 
long-acting oil-soluble local anesthetics because then inclusion would be 
equivalent to employing tuo foims of theiapy 

Tbe field to be tattooed is piepaied as foi any othei anoiectal suigical 
proceduie For piactical leasons alcohol and ethei aie used lather than 
coloied skin antiseptics Following alcohol-ether pieparatioii, it is customary 
to lub phenolized petiolatum into the skin which is to be tattooed 

The mercuiy sulfide is made into a model ately thick paste by mixing 
it witb sterile distilled watei The end of the tubular sheath of the tattoo- 
ing machine is eithei dipped into the paste oi pait of the paste is deposited 
m a specially constructed tip The vibiations of the machine cause the 
paste to escape slowly to the points of the needles and thus the medication 
IS deposited intracutaneously 

The tubulai sheath of the machine should be held at an angle of about 
40° to the skin The skin should be held taut to obhteiate the anal and 
perianal folds and to facilitate the penetration of the needles and the chemical 
into the corium An area of skin, one centimeter long, the width of 
which varies with the number of needles used, is tattooed at a time A slow,"^ 
steady, forward and backward oi rotary motion of the instrument with light 
pressure against the skin is employed This maneuver is repeated several 
times in the same area until the skin shows a uniform and permanent red stain 
which is evidence that a sufficient supply of mercury sulfide has been de- 
posited in the corium Adjacent skin is similarly treated until the entire 
pi untie region is tattooed 

The skill of the anal canal is treated first Tattooing is begun at the 
anal verge and is earned cephalad to the pectinate line, using the needle 
handles containing 15 to 20 needles The peiianal skin is then tattooed radi- 
ally to the anal orifice, beginning about one centimeter beyond the natural 
line of demarcation of the area of piuritus, which is discernible m the major- 
ity of cases In the absence of such natural demarcation, it is desirable to 
delineate tbe extent of the involved perianal skin before the anesthetic is ad- 
ministered 

During the process of tattooing some of the paste of mercury sulfide 
escapes from the mstiument and stains the untreated skin It is essential 
to eliminate this excess paste by frequent wiping of the treated and un- 
treated skin with gauze in order to avoid missing small areas of skin where 
localized areas of pruritus may continue By tattooing the anal canal before 
the perianal region, staining of the lining of the anal canal with red mercury 
sulfide coming from the perianal ciicumfeience has been avoided In spite 
of these measures, it is at times impossible to avoid skipping small areas of 
involved skin These can, however, be dealt with easily at a subsequent 
time, if necessary 

* The speed of tattooing has been increased considerably vith the use of the new 
pneumatic pistol 
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After the eompletion of the tattooing, the treated area is coveied with 
eithei phenolized petrolatum or with an ointment containing an anesthetic, 
such as ethyl ammobenzoate, metycame oi pontocaine Edema and tendei- 
ness may occur and peisist foi 24 to 48 houis 01 longer, and aie leheved by 
the application of anesthetic ointments, witch hazel dressings, hot compresses 
or by hot hip baths 

Desquamation of the tattooed epideimis ensues within a few days and 
reepithehzation usually takes place m a few weeks after tattooing Therefore, 
the mercury sulfide, to be effective, must be deposited in the coi lum Delete- 
rious effects or a foreign body giant cell reaction (commonly seen after the in- 
tracutaneous introduction of othei foieign bodies) have not been observed in a 
comprehensive clinical and histologic study of skin tattooed with mercury 
sulfide 


SUMMARY 

A detailed description of the technic of tattooing with mercury sulfide 
for the treatment of mti actable pruritus am is presented 
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During lecent years there has been an inci eased inteiest in the tieatment 
of vaiicose veins This is evidenced by the number of publications on the 
subject as well as by the diveisity of suggested methods of attacking this 
problem Howevei, very little that is new, either as regards tieatment oi 
mechanism of the distuihance has been hi ought foith 

In leviewmg the many papers on varicose veins, we fail to find satisfactoiy 
follow-up studies of the patients tieated, which makes it difficult to arrive 
at a comparison of end-iesults Most writers have stiessed one or another 
foim of tieatment without giving the end-results of their theiapy In no 
instance have we found the end-results compared, when vaiious methods of 
treatment have been employed in the same clinic 

It IS oui purpose to present an analysis of the results of operative pio- 
cedures in 121 patients cared for 111 the Vaiicose Vein Clinic of the New 
York Hospital, duimg the six years fiom 1932 to 1938 

Ochsner and Mahorner^ have recently given an excellent and detailed 
account of the history of the treatment of varicose veins , therefoi e, no ref- 
erence will be made to histoiical data here 

The forms of treatment of varicose veins most commonly employed at 
piesent aie the following 

Injection — At present, the most populai treatment of varicose veins is 
the injection of various scleiosing substances, of which sodium morrhuate 
IS probably the most widely employed Recuriences following injection 
aie lepoited variously from zero to 98 pei cent Steubner,^ in reporting 
104 cases with 158 extremities completely treated by injection, was able to 
state that theie had been no lecunences duiing a 15-month peiiod It is 
not stated how long the patients weie followed aftei tieatment DeTakats^ 
lepoits 106 per cent recurrences in 389 cases injected, but fails to tell the 
length of the follow-up studies Howard, Jackson and Mahon,^ hoivever, 
lepoit 98 pel cent recuiiences 111 49 patients one }ear or more after tieat- 
nient They stress lecanahzation as a natural response to thrombosis and 
lightly state that tieatment by injection — unaided b}’' ligature, excision or 
stiipping of mam venous channels and peifoiating veins — ^will not assuie a 
permanent cuie m cases of vaiicose veins, except in a few isolated cases of 
dilated single veins wuth competent saphenous and perforating veins 
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Simple Ligaiion — ^Trendelenburg® advocated ligation of the varicose veins 
in the midthigh, and his results have been presented by Perthes,® showing 
22 per cent recuirences in from five months to nine years Although sub- 
sequent authorities aie in agreement that this is a poor procedure and gives 
rise to a high incidence of recuirences, it is cairied out in a large number of 
cases DeTakats® reports 50 cases in which ligation was performed below 
the proximal competent vein There is no mention made of tying off collateral 
vessels No deaths followed this piocedure, but three infected wounds are 
lepoited While the follow-up on these patients is vague, all were said to 
be free from lecuirences if the opeiative indications were correct 

Simple High Ligation — High ligation piehminary to injection of sclerosing 
solutions has been employed extensively, many prefeiring to use it as an 
ambulatoiy tieatment Fergusson'^ lepoits 226 ligations upon 178 patients, 
with no deaths, and three infected wounds The site of ligation is not cleaily 
indicated hut probably w'as high His thiee- and foui-year results include 
37 operations upon 26 patients, wuth no relief of symptoms in two, venous 
stasis in SIX, and enlaiged veins in 14 Eight of the patients with enlarged 
veins have no symptoms In the classification employed in our follow-up, 
14, or 35 pel cent, of these lesults w^ould be considered pooi 

DeTakats and Quillen have earned out 200 ambulatoiy opeiations and 
stress the value of high ligation The absence of pulmonary emboli is pai- 
ticularly noted, whereas little attention is given to hemorihage, hematoma, 
infection of the wound wuth formation of an abscess, of an infection with death 
from septicemia, and reaction to procain which are piesent m the list of 
complicat’ons recorded No injection w^as made at the time of operation 
because the majority of patients developed thiombosis without injection Of 
the 200 cases, only 60 pilvate patients were follow’ed, and the length of the 
follow-up IS not mentioned in these save in one followed for four years They 
report dilatation pioximal to the ligation in five, and distal to it in two cases 

Edwards® leviews the anatomic factois in high ligation of the saphenous 
vein, and recommends this piocedure follow’^ed by injection, but he reports no 
follow-up studies 

High Ligation and Injection — In the group of cases treated by high 
ligation and injection, follow-up studies aie given with greater frequency than 
m the preceding methods Low^enburg® used this treatment in 49 instances 
and lepoited 89 per cent cuies, 4 per cent wuth fair results, and 7 per cent 
with recurrences The length of the follow'^-up in his cases is not stated 
Faxon and Bariow^^® have used high ligation and injection as an adjunct to 
injection alone in 1,072 extremities Their end-results are based upon 365 
operations performed upon 228 patients followed from 18 months to five 
years, wuth an average follow-up of 2 9 years They record perfect results 
in 55 pel cent, or 200 extremities, this estimate of lesults is made upon com- 
plete relief of symptoms and absence of tension m any of the veins left 
Satisfactor)!- lesults were piesent m 25 per cent, or 90 extremities In this 
gioup are patients who are symptomless but have definite varicose veins 
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The authors classify 20 pei cent, or 75 extremities, as failures In these 
patients the veins are again present with stagnation of blood in the super- 
ficial system The presence of a recurrent ulcer placed the results m a category 
of failures Retrograde injection of the distal segment m 90 per cent of the 
cases at the time of opei ation made no difference m the final 1 ating As com- 
plications, they list infected wounds m 2 per cent of their patients, and three 
cases of pulmonary emboli, of which two were fatal In one case the femoral 
vein was ligated and injected by mistake Then failures are attributed to 
faulty technic In 29 extremities a high ligation was not performed, and in 
35 extremities incompetent communicating veins were present 

Howaid,^^ 111 91 ligations and injections, was able to examine 78 a year or 
more after treatment He demonstrated recanahzation in 100 per cent bui 
considered 77 per cent cured, as they had no visible dilated veins, in 15 
per cent, the symptoms remained or lecuned The complications include 
hemoiihage in one case followed by a pulmonary embolus These cases 
were followed from one year to 29 months 

High Ligation and Excision — Linton,^^ in 50 cases, has divided the per- 
forators beneath the fascia of the lower leg m addition to a high ligation, but 
he mentions no follow-up on his cases This procedure presents the same 
problem as the older extensive operations of Madelung and others 

Analysis of the Neva Yoik Hospital Senes — Since September 1932, 169 
patients have been admitted to the New York Hospital and operated upon 
for varicose veins Of this number, 121 cases have been followed for from 
one to SIX years after operation Of the remaining 48, 20 are being fol- 
lowed but the operation was performed less than one year ago, while 22 have 
been lost to the Follow-Up Department Reports on two patients were 
received through their family physician, and two reported by letter, these 
four are not included m the total analysis because they have not been ex- 
amined in this clinic Therefore, in this report 87 per cent of the patients 
operated upon have been followed, while 15 per cent have been lost to the 
Surgical Follow-Up Department 

There were two deaths from pulmonary emboli 

In the group of 12 1 patients, followed from one to six years, 178 ex- 
tremities were operated upon, and our follow-up studies will be based upon 
this figure, for it represents a truer picture to refer to separate extremities 
than to individuals m wdiom a bilateral operation was performed 

Clinical Aspects — Although most writers, including Ochsner and Mahor- 
nei, find varicose veins more frequent m women than m men, the incidence 
m this senes of cases is almost evenly divided between tbe two sexes as there 
were 63 males and 58 females As a rule, there was no predilection for either 
the light 01 left extremity, a fact noted by Steubner, in his 104 cases m 
which both lower extremities were involved m 52 per cent, the right m 25 
per cent and the left m 25 per cent of the cases In our senes, 96 (54 per 
cent) operations were performed on the left leg and 82 (46 per cent) on 
the right leg There is an anatomic factor ^^hlch might explain the slightly 
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greater incidence of varicosities in the left leg, namely, the iliac vein has to 
pass posteiioily to the light iliac aitery and ma}'^, as a consequence, suftei 
11101 e back pressuie 

The occupations in which the patients had been engaged vaiied, coi re- 
sponding to geneial types of woik peifoiined by the clientele of the hospital 
as a whole They included 

Housewife 43 Business man 

Domestic servant (male and female) 20 Factorysvorker 

Counterman (butcher baker, grocer) 1 1 Miscellaneous 

Laborer 1 2 

The ages ranged from 22 to 77, and were distributed as follows 

20-30 10 41-S0 38 61-70 7 

31-40 38 SI-60 26 71 and over 2 

I 2 I 

All patients weie fiist seen m the Varicose Vein Clinic and then recom- 
mended for admission to the hospital because they weie not suitable for in- 
jection treatment If the vaiicose veins weie associated with ulcer, the 
lattei condition usually was healed fii st by bed rest, elastoplast bandage, Unna 
paste boot, or injection befoie admission In a few instances, patients with 
ulcer were admitted and treated foi it prior to operation We feel that an 
ulcer can be healed and that eveiy effort should be made to do so befoie 
operation 

In addition to the usual history and physical examination, and by far the 
most impoitant pieoperative step m this gioup, is a careful examination of 
the varicosities by someone familiai with the anatomy and pathologic physi- 
ology of varicose veins The iinpoitance of determining a previous thiombo- 
phlebitis and early history of caidiac disease cannot be emphasized too 
strongly It is only by the painstaking peifoimance of all examinations that 
pool results may be eliminated 

The tests which aie found most helpful m detei mining the extent of the 
disease are the Schwaitz test, Trendelenburg test, Perthe’s test and the 
compaiative tourniquet of Ochsnei and Mahoinei 

The anatomy of the supeificial veins of the lowei leg has been caiefully 
reviewed by Edwards® and otheis This venous system comprises the in- 
ternal and lesser saphenous veins which communicate thioughout with each 
other and, by communicating oi peiforating veins, with the deep circulation 
The lessei saphenous vein empties into the popliteal vein m the popliteal 
fossa, while the internal saphenous, aftei receiving a group of superficial 
veins, meets the femoial vein at the fossa ovalis (Fig i) The importance 
of this group of veins is stiessed repeatedly 

Opeiatwe P) ocedin es — In the senes of cases at the New York Hospital, 
SIX different operative procedures have been earned out 

(l) Simple High Ligation — ^Under local anesthesia, a 7 cm incision is 
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made parallel to and 2 cm below Poupart’s ligament The midpoint of 
this incision is placed 2 cm medial to the femoral aiteiy, which is identified 
by palpation As the incision is deepened thiough subcutaneous tissues and 
fascia, a careful watch is kept for a bluish tint tin ough the 
translucent fat, which indicates the proximity of the saphe- , 

nous vein This vein lies more medially, and is usually 
larger than one anticipates In case the internal saphenous 
IS not sighted, dissection of one of the tiibutaiies will bung 
the operator upon the vessel Dissection is facilitated by 
dividing the vem, one end of which is carried upwaids — 
care being taken to keep within the fibrous sheath en- 
cii cling the vem 

As the pi oximal end of the vem is exposed all bi anches 
aie carefully divided and ligated, including the external 
pudendal, the external superficial femoial, the supeificial 
ciicumflex iliac, the thoraco-epigastric and the supeificial 
epigastric These may enter singly into the mteinal 
saphenous, or m different combinations They may even 
enter the femoral The important point is that the femoi al 
vein be visualized and exposed sufficiently to peimit the 
accurate placement of a clamp and suture-ligatui e on the 
saphenous above the clamp Another tie is now placed 
above the sutuie-ligatuie to prevent blood from coming 111 
contact with the sutuie 01 injured intima This tie is 
placed flush with the wall of the femoral vem but without 
encroachment upon its lumen (Fig 2) No stump should 
be left A segment of vem, some 12 cm 111 length, is le- 
moved by continuing the dissection of the lowei stump and 
ligating It Closuie of the wound is carried out m layeis, 
black silk being employed throughout An Ace bandage is applied and the 
patient gotten out of bed the day of opeiation He is encouraged to walk 
about, but IS not allowed to sit with the leg in a dependent position 

(2) Simple High Ligation and Injection — This is earned out as described 
above, save that after transfixing the distal stump, but before tying the knot, 
sclerosing fluid is injected into the lumen of the vem 

(3) High Ligation with Excision — ^A high ligation is performed, as de- 
scribed, and, m addition, other segments of the varicose veins are excised In 
certain instances, this included the internal saphenous vein above the knee 
and, in a few cases, veins were excised both above and below the knee These 
patients weie kept m bed for a period vaiying from three days to two weeks 
before they were allowed to get up Both deaths occurred m this group due to 
massive pulmonary emboli 

(4) High Ligation and Low Ligation — This procedure has been men- 
tioned very seldom, but would appear to offer excellent possibilities, and 
avoids the difficulties and dangers of more extensive operations It consists 
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of the Simple high ligation with the addition of a simple ligation of the internal 
saphenous below an incompetent peifoiator, usually above the level of the 
knee Recently, we have employed this proceduie with the injection of a 



Fig 2 — Simple High Ligition of the Internal Saphenous Vein 

(1) The incision is placed parallel to, and below, Poiipart s ligament, over the 
femoral vein 

(2) The a cm is isolated and divided between clamps to facilitate dissection ot 
the upper stump All branches are carefulh divided and ligated 

(3) When the saphenofemoral junction is exposed, a suture ligature is placed 
and the vein divided 

(4) A single tie is placed above the suture ligature to prevent the blood from 
coming in contact with injured intima 

(s) This shows the femoral vein with ligated stump flush with the wall but 
not encroaching upon the lumen of the vein 

scleiosmg solution at the time of opeiation, the cases, however, have not 
been followed a sufficient length of time foi an accurate appraisal of its 
value 

(5) Excision — A simple excision of A'^aiicose veins was perfoimed with- 
out a high ligation m a small numbei of patients The procedure was carried 
out below the knee in most instances 
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(6) Lozv Ligation — (Tiendelenbmg opeiation) The simple ligation of 
veins 111 the midthigh was occasionally used 

Analysis of Results — In determining the lesiilts of the 178 operations 
upon 121 individuals, it was thought best to treat each extiemity separately 
and to set up aibitiary standaids In almost every case the operation ha'5 
been combined with injection, either before opeiation, to heal an ulcer, or 
aftei opeiation, to thrombose any vaiicose radicles 

The lesults are classified on the following basis 

(A) An excellent lesult — the patient is free of symptoms and without 
visible or palpable vaiicose veins Ulcers are not piesent 

(B) A good result — the patient is fiee of symptoms, but with small vari- 
cosities wdiich can leadily be cared for by injection Ulcers are not present 

(C) A fap lesult — theie is impiovement in the severity of the symptoms 
and evidence of varicose veins Ulcers are not piesent 

(D) A poor result — there is no improvement in the seventy of symptoms 
01 in the size of the veins An ulcer may 01 may not be piesent 

It will be noted 111 the above classification that a persistent or recurring 
ulcer immediately places the lesult in the category teimed “pool ” When 
thei e has been a question regai ding results, the poorer classification has always 
been chosen 


RESULTS OF OPERATION 

(1) Simple High Ligation 59 operations In this gioup theie were 21 
results considered excellent, 23 were good, 13 fair and 2 poor In one case, 
lated as a poor result, the patient did not leturn foi injections, m the other, 
the operation was not sufficiently extensive 

(2) Simple High Ligation and Injection at the Time of Opeiation 14 
opeiations In this gioup of cases there weie 9 lesults which were considered 
excellent and 5 good There were no failures 

(3) Simple High Ligation and Excision 88 operations In this group 
there wei e 47 1 esults which w^ei e considei ed excellent , 30 good , 6 fan and 5 
pool The vaiious causes of the poor 1 esults were apparently inadequate ex- 
cision, poor selection of pioceduie, and disiegaid of evident contiaindications 
to opeiation 

(4) High and Lozv Ligation 4 opeiations The 1 esults were classified as 
excellent 111 2 , good in i, and fair in i None of this group w^as considered a 
pool lesult 

(5) Simple Eicision of Vaiicose Veins 8 opeiations Although only a 
small numbei of cases w^eie subjected to this foim of treatment, it carried a 
high peicentage of pool results Twm of the 8 cases w^ere considered excellent, 
I good, I fail and 4 poor In all of the 4 poor 1 esults, failuie w^as due to in- 
adequate suigeiy 

(6) Loza Ligation 5 operations The lesuIts pro\e the futility of this 
pioceduie None w^as considei ed excellent none good, 3 fair and 2 poor 
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Again the patients with poor results were found to have had inadequate 
procedures 

SUMMARY OF CASES 

When the 178 operations for varicose veins are combined, it will be seen 
that the results, irrespective of method used, were excellent in 81, good in 
60, fair m 24 and poor m 13 cases This summary is shown in Chart i 

If the cases treated by exci- 
sion (8) and low ligation (5) are 
excluded from the total — ^and 
these procedures should be con- 
demned save in very exceptional 
cases — there remain 165 opera- 
tions with excellent or good re- 
sults in 138, or 84 per cent In 
only seven cases was the result 
poor, theiefore, in only 4 per cent 
was there no improvement in 
symptoms 

The analysis of cases was car- 
ried further to show — in each 
case — ^the period of time elapsing 
since operation The results of 
this study are shown m Chart 2, 
m which the cases are grouped 
according to the opeiative pro- 
cedui e and the length of fol- 
low-up The aveiage length of 
postoperative observation was 2 i 
years, and all cases were followed 
for at least one year 
Although the number of cases is too small to permit definite conclusions, 
each follow-up period is recorded according to the operative procedure and 
again subdivided according to the end-results This is shown in Chart 3 
There is little change in the comparative results from year to year 

An attempt was made to follow each patient from year to year in order 
to ascertain at which time a lesult might he considered permanent In this 
study we were unsuccessful due to the irregularity of the time of follow-up 
visits and to change in examiners It is oui opinion, however, that poor results 
usually become evident one )^ear fiom the time of opeiation 

In the total series of cases there wei e three instances of pulmonary emboli 
after operation, two of which teiminated fatally Both deaths occurred after 
a high ligation and excision In leviewing these three histones, several 
factors of interest were noted The patients weie kept in bed some time aftei 
operation , the ligation of the saphenous i ein was not flush with the femoral 
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vein in at least two cases, adequate exposuie may have been sacrificed by 
omitting a thud assistant at the operating table 

Summary — One bundled and sixty-nme patients, tieated at the New Yoik 
Hospital foi varicose veins during seven years have been review^ed, wntb 
comments on ceitam clinical aspects A desciiption is given of the six 
types of operation employed m the tieatment of varicose veins m this and 
other clinics, and the end-iesults compiled to show the comparative value of 
these various proceduies A comment is made on the cases which were con- 
sideied failures 
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Chart 3 — Combines the data in Charts i and 2 The results are grouped according to 
operation, and length of follow up, to show the end results 


CONCLUSIONS 

(1) An accuiate knowledge of the noimal anatomy and of the pathologic 
physiology of the veins of the leg is necessaiy for the intelligent treatment of 
vaiicose veins Enquiiy into special factors in the histoiy of the disease in 
the individual case, and physical tests of the cii dilation, cannot he omitted 
w'lthout giving use to some poor lesults 

(2) The opeiation is best earned out with the patient hospitalized, and 
with sufficient assistance at the opeiatmg table to guarantee good exposuie 
and caieful attention to detail 

(3) Extensive opeiations aie contiamdicated because they cany greater 
nsk of pulmonary embolism by necessitating longei lest m bed than do the 
simple pioceduies m which the patient can be gotten up immediately after 
opeiation 

(4) The best results m this series of cases have been obtained wath simple 
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high ligation of the internal saphenous vein, with injection of sclerosing fluid 
at the time of opeiation 

(5) Any modification of opeiative procedure answeis the lequirement so 
long as the ligation of the saphenous vein is earned out at the saphenofemoral 
junction, and the tributaries m this legion aie divided An operative proce- 
dure must be chosen which most nearly conects the faulty vasculai system in 
the individual case 

(6) If the perfoiatois or valves of the saphenous vein aie incompetent, 
operation followed by injections of sclerosing fluids offeis the best chance of 
a permanent cure 
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THE PROBLEM OF CATGUT SENSITIVITY AND ITS RELATION 

TO WOUND HEALING’ 

A PRELIMINARY REPORT 

H T Langston, MD 

Cnic\.GO, 111 

FROM THE DIPUmONT OI SUROFUI, USI\HlSm OI Micillrvs, INN UIIIOU, MICH 

Experience iMth tlioiacoplast}^ wounds closed with catgut brings out the 
fact that healing is veiy frequently pool Although such wounds are piobably 
the most abused of suigical incisions, this factor alone does not seem to be an 
adequate explanation foi the disappointing results obtained 

The sutuie inateiial employed was singled out as one piobable lesponsible 
factor because when silk nas used thiougliout all stages, healing was reiy satis- 
factory Thus, abuse of the uouiid by fiequent leopening could be minimized 
in Its impoitance and the sutuie mateiial employed, emphasized 

The possibility of sensitization to the sutin e matei lal was suggested because 
the instances of pool healing appeared to occui uith surprising regulaiity 
during the earlier stages The later stages all seemed to heal kindly 

Reviewing the liteiature failed to reveal convincing evidence that sensitiza- 
tion to catgut did or did not occur, and, therefore, elucidation of this point 
seemed highly desirable 

The Wound — The commonly employed posterolateral thoi acoplasty wound 
is one of the largest wounds surgically produced, and the piincipal adverse 
factors which undoubtedly affect it can be summarized as follows 

(1) The paiascapulai mass of muscle is thick and nariow, i educing 
thereby its elasticitj, and moie diiectly tiansmittmg tension as result of 
shoulder motion to the sutuie line 

(2) The jutting ledge foiined by the uppeimost umesected rib pioduces 
distortion in the wound of varying degrees 

(3) Excessive accumulations of fluid within the extrapleural subscapular 
space will tend to point at the weakest place m the extiacostal wall, namely, 
the incision 

(4) The blood supply to the lateral flap of the incision is compiomised by 
being transected at appioximately right angles to its axis of supply Some 
compensation is had from anastomotic sources, but the middle third of the 
wound IS the farthest fiom such an additional source The middle third of the 
wound can be considered on this basis the danger zone of the incision 

(5) Reopening of the wound m approximately three weeks, recurrently, is 
probably the gi eatest single dii ect insult 

The closure of such wounds in the cases to be consideied is loutmely with 
catgut, using size No 00 foi the deep muscle layer 111 a continuous stitch 
through-and-through the muscle mass, being interrupted, however, at several 
points Size No 000 catgut is veiy frequentlj'- used 111 a superficial layer. 

Presented m part before tbe Central Surgical Association, Ann Arbor, Micb , 
March i, 1941 
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including the superficial fascia and subcutaneous tissues This is not always 
used but IS employed in the majority of cases It is uniformly a strictly intei- 
rupted layer The skin is closed with inteiiupted black silk Closures aie 
occasionally affected by placing small interi upted catgut sutures m the fascial 
plane, using a multilayered, small bite, interrupted technic 

Occasionally, silk is used throughout, in which case the usual technic is 
observed, making a multilayered, small bite, interrupted closui e Comparison 
of these three types of closure oflfei s a very interesting study Uniformly, all 
of the wounds closed with silk, when reopened, present a remaikable restitu- 
tion to normal of the fascial and muscular layers The tissues aie diy and 
the areolar planes are very easy to find, being well preseived In contiast. 
the wounds closed by the more common method of bulk sutui mg of the muscle 
layers with catgut presents a widespiead obliteration of all areolar planes 
within at least one inch of the original incision, and the tissues aie leplaced by 
edematous scar Intermediate between these two exti ernes lies the wound 
closed by interrupted catgut Here the fascial planes are fairly well pieseived 
because of then more accurate approximation, but the edematous scai and 
obliteration of the areolar spaces is quite maiked These wounds are all, at 
the time of being reopened, approximately thiee weeks old 

The catgut used is put up in standard sizes Its method of preparation is 
the usual one, except that it is iodized and tanned to msuie sterility and to 
increase its persistence m the wound The amounts actually left m the wound 
have been detei mined by caieftilly measuring all the loose pieces remaining 
after operation and subtracting this from the oiigmal lengths broken for the 
proceduie The figures thus obtained show that between 129 and 162 inches 
are actually left m the wound An aveiage figuie would be 140 inches, or 
slightly more than the content of two tubes This amount of catgut would 
weigh approximately o 6 Gr 

Piesent Study — As suggested by the literatuie,®’ ® though after several 
unsuccessful attempts, an extract of plain catgut was made in Coca’s solution 
by the following method Two and one-half grains of plain (iodized but un- 
tanned) sterile catgut was thoioughly diied in an oven This was then ex- 
tracted in sterile Coca’s solution for 48 hours, with agitation The resultant 
mixture was passed through a Seitz filtei The solution was sealed m serum 
bottles and cultuied to determine sterility 

Chemical analysis of this extiact levealed 69 5 mg per cent total nitrogen, 
and 1003 3 mg pei cent of iodine 

This extract seemed to give leliable results under adequately controlled 
conditions 

All patients admitted for thoi acoplasty weie subjected to the skin test and 
the results recoided Following each stage, appi oximately two weeks post- 
operatively, the skin test was repeated A total of 54 patients passing through 
the Service had a total of 113 skin tests Distribution of the skin tests accord- 
ing to stages IS gn^en, and the results ate presented m Chait i by Curves i 
and 2 

This extract is injected intradermally m o 02 cc amounts, and each test is 
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conti oiled by a similai amount of plain Coca’s solution injected intiadeimally 
in a neaiby aiea The icactions aie lead in 15-20 minutes and giaded 111 the 
usual mannei The icactions aie usually faded by 45 minutes, leaving, m cases 
of scveic leaction, a small aica of blown discoloiation 



TOTAL OF 31 20 22 20 14 c 

CASES 

Chart i 

Cur\e I — Represents percentuge incidence of skin tests positne in 
nnj degree, bj stages of thoracopHst\ 

Cur\e 2 — Represents percentage incidence of highlj positue skin 
tests b> stages 

Curv e 3 — Represents percentage incidence of all \\ ound complications, 
bj stages 

Curve 4 — Represents percentage incidence of wound complications 
exclusive of infections, bj stages 

Reference to the chart reveals the giaphic lepiesentation of the skin tests 
Curve I represents the percentage of leactions positive m any degiee, among 
the patients tested at each peiiod in the evolution of the thoiacoplasty Cuive 
2 represents the peicentage of leactions that weie highly positive at the same 
periods Thus, on admission some 12 pei cent of patients tested showed evi- 
dence of skin sensitivity but none of them reacted strongly 

The peak of sensitivity as estimated by the skin test, thei efore, occurs after 
two stages of thoracoplasty or, m other woids, after two exposuies to catgut 
Thereafter, the sensitivity fluctuates but returns to the original level aftei the 
fifth dose 

Curve 2, although necessarily low, is quite compai able to Curve 1 
The intensity of the response to the skin test was cai efully compared to the 
severity of the inflammatory reaction in the next-stage wound and a surpris- 
ingly accurate prediction of the appearance of the wound could be made, it was 
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found, on the basis of the preoperative skin test Thus, the severity of the 
appaient inflammatory reaction m the wound accuiately paralleled the mtensit> 
of response to the skin test preoperatively 

A wound piesentmg a characteristically seveie leaction is woithy of de- 
scription This could be seen as eaily as the beginning of the second post- 
operative day Two features weie piesent and will be desciibed separately 
The first to become noticeable is ledness along the wound margin By the 
fourth and fifth postoperative days, this has extended to involve an ai ea one to 
one and one-half inches aiound the wound By this time the discoloration has 
assumed a brawny tint By the sixth and seventh days the color is beginning 
to fade and desquamation may be seen This takes place as small branny 
flakes The leaction has largely subsided by the tenth postoperative day 
Shortly after the appearance of the redness, the piesence of edema can be 
noted This starts m the wound margins and extends, increasing m amount, 
until about the fifth or sixth day At this time it may extend from the spine 
posteiiorly well into the axilla anteiioily The wound itself is moist, weep- 
ing, and Its edges are i oiled up, lesultmg m poor apposition The edema 
subsides rathei rapidly aftei the seventh day and has disappeaied entirely by 
the tenth day 

After the reaction has subsided, the wound invariably presents considerable 
scabbing The wound edges aie iiregulaily apposed The resulting scai is 
broad and irregular 

The foregoing description is, of couise, the severest foim observed All 
grades of severity may be seen, and the mild reactions undoubtedly represent 
merely the exudative response to an absoibable suture material and must be 
considered as essentially noimal 

Caieful observation of these wounds revealed that the seveiest reaction any 
patient presented was regularly m the thud-stage wound This, of course, 
depends upon simple inspection and may be subject to error 

The wound complication that appears to be a direct sequela to this wound 
reaction resolves itself into a separation of the wound edges when some of the 
sutures, usually alternate ones, are removed This separation most frequently 
occurs m the middle thud of the wound where stress is probably greatest 
The linear extent of this separation is determined by the distance left unpro- 
tected by the removed sutures Such disruption permits escape of fluid from 
the subscapular extrapleural space, indicating separation of the muscle layers 
as well as the skin This incident most often occurs at the fifth day, when 
one-half of the sutures are routinely removed 

One other observation on the behavior of such wounds has been that pa- 
tients presenting mild skin sensitivity only, have been subject to exactly this 
complication This fact appears at first to be somewhat contradictory The 
answer is, however, readily foi thcoming from the work of Kahn,'* who showed 
that various tissues of the body had different capabilities of reacting to antigens 
introduced into them Thus, it has been observed that the extent of reaction 
exhibited by the muscle layers, as evidenced by widespread edematous, cica- 
tricial obliteration of the areolar and fascial planes when a wound is opened 
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at a tlioi acoplast} -stage, is not always commensuiate with the degree of skin 
sensitivity as nicasuicd b} the skin test leaction Thus, wheieas the skin test 
mill 01 s \eiy acciiuilcly the leaction to be seen in the skin and piobably sub- 
culancous tissues at the succeeding stage, it docs not nccessaiily leflect the 
extent of leaction in the muscle tissues 

Thus, at this point the piactical \alue ot the skin test dcci eases because 
while It will pi edict the appeal ance of the wound postopciatively, it may not 
toietell the extent of undeil}ing leaclion It is believed that this iindei lying 
icaction IS, liom a jnattical standpoint, lai moie impoitant than meie skin 
sensitiMt\ 01 icaction This fact makes ain estimate of the percentage accu- 
lac} of the skin test a mattci ot speculation 

The amount of leaction manifested b} the skin can onl} be legaided as 
a meastiic of the ability of this la}ci to icspond as a icacting system and not 
as a measuie of the capabiliU of the oiganism as a whole oi an) othei specific 
tissue in paiticulai 

The fact that the skin leacts as a unit system is demonstiated by the find- 
ing that leaction to the skin test is the same ncai the wound as it is at a dis- 
tance fiom It 

This fact IS fuithei stiengthened by the followang obscivations 

(1) Using blood seiiiin fiom patients piescnting seveie wound reactions, 
as well as foui plus skin test leaclions, passive tiansfei of antibodies was 
attempted m six diflerent subjects In no instance could such an occuirence 
be demonstrated 

(2) Using the extiact as antigen, precipilins could not be demonstiated m 
the blood serum of these same patients 

(3) Using seitim obtained fiom the extrapleuial space of ntimeious pa- 
tients, again, piecipitms could not be demonstiated 

An explanation was sought foi this appaient insecuiity of catgut w’^otinds 
in patients exhibiting marked sensitivity Although the data heiem piesented 
is fragmental y because of fear that sinuses might be pi oduced by any elaborate 
experimentation amUi these w^ounds, neveitheless an answ^ei is suggested by 
the following experiment A silk thread w^as securely tied aiound one of the 
subcutaneous catgut sutuies in thiee fiist-stage w^ounds m nonsensitive pa- 
tients Lysis of the catgut, as indicated by freeing of the silk thiead, occuired 
on the tenth day in one instance and on the tw^elfth day in the other two In 
a patient exhibiting mild sensitivity at the end of the second stage, a similar 
experiment revealed the catgut thread m the third-stage wound to break at a 
slight tug on the sixth day In a highly sensitive patient wdiose w^ound was 
opened by the sixth postoperative day, no evidence of remaining catgut was 
seen 

Thus, it wmuld seem that in the presence of an hypei sensitive response, 
lysis of the catgut sutuies occurs wuth gieatei lapidity than in noimal indi- 
viduals 

Incidence oj Wound Complications — The analysis of leactions seen m 
wounds is difficult because it is quite impossible to accuiately weigh the pro- 
portionate responsibility of the many factors concerned m the healing of 
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wounds In ordei to eliminate, theiefore, the factor of personal inteipreta- 
tion, the lecords of all thoiacoplasties, unselectedly, weie leviewed for appiox- 
imately six months This included some patients piioi to the institution of 
this study and does not include all patients who weie skin tested It lepre- 
sents a comparable group, insofai as technic, suigeons, and caie aie concerned 

No attempt was made to classify the vaiious complications except to call 
wound infections those instances where the wounds were opened foi diamage 
and pyogenic organisms weie recovered by culture The infecting oiganism 
was a Staphylococcus awetts or the tubercle bacillus m eveiy instance Two 
instances of tubeiculous infection of these wounds are included 

In this group there were included, of couise, seveial patients who had had 
previous stages of thoracoplasty prior to this admission In such instances, 
the old records were reviewed and complications tabulated Thus, 45 patients 
underwent a total of 184 stages of thoracoplasty 

Complications weie recorded m 18 instances, or an incidence of 97 per 
cent Eliminating the flank wound infections, of which there were ii, or 59 
per cent, leaves seven, or 3 8 per cent of complications of other t)^pes Four 
instances m this lattei gioup of complications came undei diiect observation 
in this study and coiiesponded to the previously described reaction to catgut 

This data can be graphically lepresented by Curves 3 and 4 of Chart i 
Curve 3 represents the percentage of all complications occurring at each 
stage Thus, it includes frank wound infections as well as those presenting 
only separation of the skin edges and leakage of extiapleural fluid Curve 4 
represents the percentage of the complications exclusive of the infections occur- 
ring at each stage 

When all complications are considered (Curve 3), the curve produced very 
closely parallels the curve of skin sensitivity (Curve i) No complications 
were encounteied after the fifth stage, and there was a total of 12 operations 
beyond this stage The high level at the fiist stage is in all probability acci- 
dental, being due to the rather unusual occurrence of infection in first-stage 
wounds within this group of patients 

The striking 'feature in both of these cuives is the fact that the peak of 
incidence for wound complications of any sort occurs m the thud-stage wound, 
which represents the inoculation of catgut immediately following the peak of 
sensitivity as demonstrated by the skin test 

SUMMARY AND CONCLUSIONS 

Evidence has been piesented that 

(1) Sensitivity to catgut, used in rathei large doses and lepeatedly, can 
be demonstrated by means of a skin test 

(2) The curve of the sensitivity closely coiiesponds to the immunologic 
response to the commonly used antigens 

(3) It IS intimated that in sensitized individuals, lysis of the suture mate- 
rial occuis moie rapidly than 111 the nonsensitized person 

(4) The reacting capacity of different fundamental tissues varies It is 
further suggested that although most often the skin is capable of greater 
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leaction than skeletal muscle and/oi its fasciae, in some individuals even this 
lelationship may be vaiiable It is believed that the leaction m the muscle 
layeis is moie impoitant fiom a piactical standpoint than that of the skin 

alone 

(5) The sensitization to catgut appears to be a puiely local leaction, con- 
fined to the tissues as a leading system since no evidence of systemic i espouse 
has been seen 

(6) When the wound complications occur, they do so with amazing fie- 
quency at a peiiod in the evolution of the thoiacoplasty when sensitivity is 
highest, as demonstiated by skin tests 

It IS believed that, insofar as wound complications ai e concei ned, the only 
one that can be attiibuted to hypei sensitivity to catgut is the lesult of a delay 
111 the piocess of healing Appaiently, the fiist reaction to catgut is inflam- 
matory, producing the ledness and edema desciibed The lesult of this is 
early lysis of the sutuie material The fibroblastic leaction is apparently 
delaj'ed until this exudative leaction has subsided Thus, it would be an 
''intensification of the usual exudative leaction to catgut 

Some accessory factor, such as loss of suppoit by lemoval of skin sutures 

01 mechanical stiess exeited by the scapula, is believed to piecipitate such an 
occurrence It can be aveited by maintaining apposition of the skin edges foi 
ten days, at v Inch time healing should be fairly well advanced 

(7) The exact component of a catgut sutuie which acts as an antigen 
cannot be detei mined from this study alone 

Accoidmg to the Wolff-Eisnei lij^pothesis,® the iodine piesent m the 
catgut could become antigenic by combining with seium m the wound 
Jacobs^ has shown that seium tends to lose its species specificity after lodimza- 
tion It might fui thei be in the lodine-catgut protein combination, or actuall}’’ 
the catgut protein itself 

Rather conclusive evidence, howevei , has been brought out by Fai i is^ that 
it IS the protein itself He obtained a very seveie intra-occular reaction 
aiound catgut m labbits aftei sensitization of these animals to sheep serum 
Such reaction did not occur m iionsensitized animals 

(8) The skin test has no practical significance m soiting suitable candi- 
dates for catgut closures because it is often only after one oi two stages that 
sensitivity becomes demonstrable 
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Intelligent preparation of the surgical patient requires an appreciation 
of varied physiologic principles Although it may be desirable, it is difficult 
to formulate rules applying in all circumstances Diseases and patients vary 
too much and fixed rules do not allow for the prompt application of new find- 
ings by chemists and physiologists Preoperative caie must, insofar as is pos- 
sible, repair the damage to the whole organism which has been brought about 
as a result of disease This concerns nutrition, watei and salt balance, ade- 
quate oxygenation, and such matters The patient must also be fortified to 
withstand the opeiative measuies necessaiy for ladical contiol of the disease 
He must be able to destioy the anesthetic agent which is used, to compensate 
for the loss of blood and fluids which even the gentlest handling will bung 
about, and to withstand the effects of a period of shock There must be a 
reserve sufficient to supply the needs of the body during the postoperative 
period when adjustments to metabolic disturbances must be made and when 
ordinary methods of providing nourishment have been suspended In this eia 
of generally good technical ability, the improvement in morbidity and moitality 
statistics depends more on the intelligent application of such measures than 
on improvements in technic The limit of advance is oui ability to maintain 
the patient’s good condition during long piocedures Anesthesia has extended 
its possibilities, it remains for attention to details of preoperative care to 
extend the limits 

Knowledge of the physiology of the livei is essential for the understanding 
of many principles involved in preoperative care It is the one organ m 
which many of the processes take place Oui infoiraation about its function 
IS meagei , but not so lacking as to justify an attitude of hopelessness Too 
often, one hears theie is no one satisfactory liver function test, with the 
implication that all tests may be disregaided 

There aie many highly satisfactory methods of evaluating the ability of 
the livei to do its job A consideration of its various known functions and 
methods of testing, lestoiing, or increasing those functions will be made 
Particular stress will be laid on the more lecent additions to our knowledge 
and to significant experimental work 

Blood Clotting — ^The liver is the site of the manufactuie of the fibrinogen 
fraction of the plasma protein^ — normalty, the seium contains about 250 mg 
per 100 cc Fibrinogen is the soluble precuisor of the insoluble fibiin in the 
clot The seium content of this piotem varies under different circumstances, 

^ Read before the New York Surgical Society, November 26, 1941 
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appal ently independently of the leukocyte count It is elevated, among othei 
factois, by abscess foimation, model ate livei damage,- foieign piotein injec- 
tions, and fevei , and deci eased by seveie livei damage and piotem-deficient 
diet The sedimentation late of led cells is a lougb index of the fibiinogen 
level, acceleiatmg as the pioteni conceiitiation inci eases-" Much work re 
mams to be done on this piotein Its value as a test of the state of the hvei oi 
the ability to lespond to blood-clotting demands has nevei been fully appie- 
ciated 

The hvei is also the site of the manufactuie of piothiombin It is made 
fioni unknown substances, and is dependent on an adequate supply of vitamin 
K 01 some substance with vitamin K actu ity With tin omboplastm and cal- 
cium, piothiomhin foims thiombin Its level in the blood is easily detei mined 
by one of seveial methods The absoiption of vitamin K by the gastro- 
intestinal tiact IS in combination with deoxychohe acid obstruction to 
biliaiy flon, theiefoie, will pi event this absoiption and the piothiombin defi- 
ciency IS the cause of bleeding in jaundice ‘ In seveie damage to the hvei that 
oigan is unable to manufactuie piothiombin, in spite of adequate supply of 
vitamin K oi a substance with vitamin K activity ’’ 

Hepaiin was fiist piepaied fiom the hvei by Howell but it has since been 
obtained fiom many othei organs, notably the lung and intestinal mucosa Its 
manufacture is m some way linked to the mast cells piesent in laige numbeis 
in the smaller blood vessels ° It is stoied to some extent in the hvei The 
prevention of thrombosis in the postopeiative peiiod is dependent on an ade- 
quate supply of hepai in for the sei um The delicate balance between the coagu- 
lants and hepai m, the body’s anticoagulant, is impoitant The hvei has a large 
measuie of control over this balance Disoideis aie lather an excess of clot- 
ting factois than a deficiency of hepai in and the imbalance may be met by the 
administration of additional hepai in ® Thei e is no knoivn method for stimu- 
lating the pioduction of heparin 

Detoxification — One of the earliest known functions of the liver is that by 
which it destroys noxious substances which enter the body It has been 
known that any condition which inteifeies with the hvei’s ability to destroy 
poisons will pioduce rapidly disastious effects Studies of this function have 
generally been concerned with methods of lendeiing the liver susceptible to 
damage Opie and Alfoid,*^ in 1914, showed that a high fat diet would ulti- 
mately render the liver unable to withstand the administration of chloroform 
This will be refeired to later in a considei ation of fatty liver Ravdm and his 
coworkers^® have studied the influence of foodstuffs on the susceptibility of 
hvei to injury and with many other woikers have demonstiated that stai vatioii 
and low glycogen content of the liver may bring about this susceptibility 
Tests for the detoxification piopeities commonly used are the bromsulphalein 
and the tetraiodophenolphthalein blood cleaiances — simple measurements of 
the ability of the hvei to withdiaw these easily detectable dyes from the 
blood duiing a certain time-interval Another test which has been designated 
by some as a test of the detoxifying property of the liver is the hippunc acid 

149 



JOHN H MULHOLLAND 


Annals of Surgery 
Januarj 1V42 


synthesis test of Quick This test is a measuie of the ability of the liver to 
conjugate benzoic acid with glycine to pioduce hipptiiic acid which is excreted 
in the urine It depends upon a satisfactoiy lenal function The test may 
measuie another function of the hvei, namely, its ability to manufactuie the 
ammo-acid, glycine, because the addition of glycine to the benzoic acid will 
pioduce a normal synthesis m the piesence of parenchymatous disease of the 
liver The detoxifying property of the livei may be impi oved or restored 
by reestablishing a high glycogen content A discussion of this topic involves 
the function of the stoi age of glycogen 

Slot age of Glycogen — The storage of carbohydrates in the foim of 
glycogen, the manufactuie of dextrose fiom proteins and fats, and the main- 
tenance of blood sugar level are functions of the liver The level of glucose 
in blood lepresents a balance between the late of supply from the liver stores 
and the rate of utilization by tissues other than the liver The so-called noimal 
sugar tolerance curve has no relation to the function of the pancreas The liver 
is the only source of blood sugar in a fasting organism This function of the 
liver is tested by either levulose or galactose tolerance tests In the presence 
of liver damage the slow return and elevation of the curve are chaiactenstic 
In ordinary circumstances the glycogen content of the liver can be elevated by 
high carbohydrate diet In the absence of ability to take food by mouth this 
may be accomplished by glucose infusions into the blood stream There are 
conditions when an infusion or caibohydiate ingestion will not build up the 
glycogen stores of the liver They will be discussed later 

StOi age of Pi otein — The normal seven grams per loo cc of plasma protein 
is divided into large heterogeneous gioups by chemical salting into albumin 
and globulin fractions The manufacture of fibiinogen which is part of the 
globulin has been discussed Of the remaining plasma protem, probably all 
the albumin fraction, and some of the globulins are manufactured in the liver 
The importance of adequate supplies of pioteins need not be emphasized to a 
surgical group The treatment and prevention of shock and proper wound 
healing are directly dependent on an adequate plasma protein level and a 
normal partition In deficiencies of the liver affecting its ability to manufac- 
ture the albumin fraction, the latio between albumin and globulin is disturbed 
The albumin is known to maintain the greatest part of mtraluminary osmotic 
pressure, the globulins exerting only one-fifth of the total attraction while 
taking almost one-third the total bulk The edema from loss of albumin, then, 
is greatei than would be expected fiom the pioportion of total protein which 
IS lost It IS this edema which inteifeies with wound healing in patients with 
gastro-mtestinal diseases not supplied with proper protem intake before opera- 
tion The ability of the liver to supply serum albumin in sudden shifts of 
osmotic pressure is one great factor in combatting shock The tests for protem 
deficiencies in the livei are serum albumin and globulin determinations The 
total proteins in serum may be determined very easily by modern specific 
gravity methods To restore sufficient proteins any one of a number of 
measures may be used The most direct and quickest is the transfusion of 
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human plasma, and for osmotic pressuie the most useful fraction is the 
albumin This is necessaiy in the emergencies wheie a laige amount of serum 
has been lost, such as m bums In most cii cuinstances a high piotein diet 
will be sufficient to restoie the piotem EhnaiT^ has demonsti ated that m 
patients who aie unable to ingest a high piotem diet, highly puiified ammo- 
acids may be used mtiavenously 

B^le And Conjugation and Cnculatwn — Noimally, the liver maiiufactui es 
the bile acids by conjugating choleic acid and the ammo-acids, glycine, and 
tauime The souice of the choleic acid is not entiiely clear but the livei is 
almost ceitamly the site of maiiufactui e These bile acids foim a very neces- 
saiy function 111 the absoiptioii of fats in the gastro-mtestinal tiact The 
foi Illation of choleic acid takes place in the intestinal mucosa but is dissociated 
befoie the fat is taken up by the lymph The bile acids ina}’’ thus serve to 
tiansport a considei able quantity of fat On lelease the bile acid enteis the 
blood stream diiectly, it does not traverse the thoiacic duct with the fat 
Through the poital vein to the hvei, uheie it is secieted again, the ciiculation 
is maintained This ciiculation cycle m man occuis about thiee tunes, the 
loss IS through the feces The sudden total drainage thiough bihaiy fistulae 
or the interfeience with ciiculation which biliary obstruction pioduces taxes 
the ability of the hvei to conjugate inoie acids The unifoimly low late of 
hippuric acid synthesis m this gioup of patients would indicate a shoitage of 
glycine which is necessary foi the conjugation of both hippuiic acid and 
glycocohc acid The lestoration of the hippuiic acid by the admiinstiation 
of glj^cine or glycine-contammg products is piobably an indication that bile 
acid production has been resumed That some degree of circulation takes 
place m obstructive jaundice is shown b)^ Shafiroff, Doubilet, and Ruggiero 
In a dog with an obstiucted common duct, bile pigment may be found m the 
thoiacic duct within ten to 20 minutes after obstiuction occuis 

Josephsoffi^ has suggested a liver function test on the basis of the ability 
of the liver to clear the blood of injected cholate Othei tests of this function 
of the liver are analysis of the bile for fiee and conjugated acids, and blood 
levels of bile acids Normally, most of the bile acids are conjugated with 
glycine or taurine The occurrence of laige quantities of unconjugated acids 
may be considei ed an evidence of liver damage As in the conjugation of 
hippuiic acid, glycine is an important material m the foimation of noimal bile 
acids Restoration of normal function should be bi ought about by feeding of 
proteins with high glycine content The bile acid foimation and circulation 
seems to be entirely independent of other liver functions 

St 01 age of Fat — There has been a gieat deal of recent work reported by 
chemists and physiologists on the fat-storing property of the liver Normally, 
6 pel cent by weight of the liver is stored fat A propensity of the organ 
to stoie fat in concentrations higher than this is a definite pathologic condi- 
tion It has been known, since the work of Opie and Alfoid,*’ in 1914, that 
such fatty infiltration rendeis the liver more susceptible to injury by chloro- 
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form and othei toxic agents Since 1922, and the use of insulin, the knowl- 
edge that in depancreatized dogs fatty liver follows, and this fatty liver may 
be prevented or cuied by the feeding of raw pancreas,^® has stimulated many 
studies We know now that fatty livei may be produced by starvation,^® high 
fat diet,® common bile duct obstiuction,^'^ vitamin Bi and Be deficiencies,^® 
alcohol, chloroform, and maii}^ othei factois In the presence of laige amounts 
of fat, the hvei is rendeied unable to stoi e glycogen,^® to manufacture dextrose, 
to excrete dyes,^® and will, accoidmg to Connoi,’^® eventually pioduce cir- 
rhosis of the liver 

Hershey and Soskin,®® in 1932, showed that substances other than raw 
pancreas (the phospholipids, lecithin and cephahn) will pi event fatty infiltra- 
tion Since then many other materials have been demonstrated to have this 
lipotropic effect choline, egg albumin, casein, gelatin and, finally, the sulphur- 
containing ammo-acid, methionine Diagstedt®^ has lepoited the finding of a 
hormone m the external secietion of the pancieas, which he calls lipocaic, 
that has a hpotiopic action Ralh and Rubin®® have leported that an extract 
lemoved from powdered meat, when added to a depancreatized dog’s diet, 
produces fatty liver, wheieas the powdered meat alone has no such effect 

Ravdin,^® m animal experiments, has shown that the liver may contain 
large quantities of fat and glycogen at the same time The high glycogen con- 
tent in such circumstances is no longer piotective against injury by chloro- 
form The susceptibility is related only to the fat content The protective 
action of glycogen in most instances is due to the fact that high glycogen 
indicates the absence of fat In older to replace the fat, a lipotropic substance 
must be fed Glucose alone is not sufficient The most convenient and speedy 
method of supplying the hpotrope is by a high pi otein diet Although Elman^® 
has demonstrated that nitiogen balance may be maintained by the intravenous 
administration of amino-acids, the piepaiation of such solutions is difficult and 
expensive 

Unfortunately, there is no test for the presence of fat in the hvei In large 
quantities it will interfere with the ability of the organ to perform many of its 
functions and will make it more susceptible to the effects of toxic substances 
There is one clinical finding which is helpful A liver which contains 10 
pel cent by weight of fat will generally be enlarged appieciably The enlarge- 
ment IS the characteristic painless, smooth, round edge found in chronic 
alcoholics It would seem that the measuies which coirect fatty liver might 
be applied to all patients without harm and particularly to those whose liver 
function will be taxed by a long and shocking opeiative piocedure 

Pathologic changes in the liver, not related to a knovm function, have 
engaged the attention of many workers The clinical similarity of the syn- 
drome called “liver death” and thyioid crisis has been noted by clinicians 
Boyce and McFetridge®® remarked this similaiity, and found with hippunc 
acid synthesis tests that thyroid disease distuibed the function of the liver in 
direct ratio with the disease clinical severity Schmidt and his cowoikers®"* 
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feel that the hvei damage is i elated to the dmatioii and seventy of the disease 
and that specific nieasvnes to conect the damage, glycine admmistiation foi 
instance, mil lessen the iisk They also feel that the opeiation of thyioidec- 
tomy has a damaging influence on hvei function Baitels,^^ expiessmg the 
feeling of the Lahey Clinic gioiip, feels that the hvei changes aie diiectly due 
to the thy 1 Old disease and aie the pathologic factois m thyioid ciisis Expeii- 
mentall} , thei e seems to be evidence that anothei factoi must be added to the 
hypeith}ioidism to piodiice the chaiacteiistic cential hvei neciosis Sealy-^^ 
has induced the hvei changes m labbils when an infected waity giowth of 
the skin was piesent at the time of the piodiiction of hypei thyi oidism He 
mfeis that the clinical occuiience of hvei neciosis may be dependent on some 
added factoi such as infection oi anesthesia 

Other effects of feeding of specific piotems on hvei should be noted 
Morr" found that adding piotein m the foim of kidney feedings to a iice diet 
will piotect lats fiom the caicinogenic effect of buttei yellow on the hvei 
Rhoads and a gi oup-® at the Memoi lal Hospital have shown that casein and 
iiboflavm supplements to a basil diet have a stiikmg piotective effect against 
the same carcinogen in rats 

There are tests of hvei damage which have no i elation to function and 
uhich parallel no function test One of these has become especially valuable 
and should be mentioned Hangei-^ desciibed the pecuhai piopeity of seium 
fiom a patient with pai enchymatous liver disease to flocculate a suspension of 
cephalin in cholesteiol This test is not only valuable foi diagnosing hvei 
damage but is also helpful in difleientiating obstiuctive fiom hepatogenous 
jaundice 

To summaiize, ceitam aspects of the physiolog}^ of the livei as it is i elated 
to the pioblems of pieopeiative suigical caie have been leviewed Some of 
the moie recent conti ibutions of the chemistiy laboi atones have been con- 
sideied m the light of clinical needs 

There is definite evidence that the hvei can be foitified against injury oi 
impairment of its functions by specific n^asiires The feeding of glycine in 
pure foim oi in a piotem diet will bring about a normal ability on the pait 
of the liver to conjugate hippuiic acid fiom sodium benzoate and probably to 
conjugate glycochohc acid fiom cholic acid The feeding of a high protein 
diet and perhaps some substances, lipocaic oi choline, will pi omote the removal 
of fat from a fatty hvei or pi event the deposition of fat under conditions 
which ordinal ily pioduce the changes Theie is convincing evidence that fatty 
liver IS not only moi e susceptible to damage but may be a factor m the etiology 
of such conditions as thyioid ciisis 

The liver’s conti ol ovei blood sugar levels, ovei plasma proteins, over 
bile acid manufactuie and secietion, and its pait in the complex mechanism 
of blood clotting and detoxification, have been considei ed Many of the latest 
additions to our knowledge aie in the animal stage It lemains for clinical 
surgeons to confirm oi deny the application of these findings in the human 
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BRIEF COMMUNICATION 

THE ADVANTAGES OF COMBINING LOCAL INFILTRATION 
ANESTHESIA WITH CONTROLLED FRACTIONAL SPINAL 
ANESTHESIA IN SUBSTANDARD SURGICAL RISKS 

JONATHAN Rhoads, M D 

AND 

Walter Estell Lee, M D 
Philadelphia, Pv 

Occasionally, m the piactice of most suigeons, celiotomy must be pei- 
foimed upon patients who aie had risks foi any type of anesthesia When 
the character of and the site wheie the proposed pioceduie is to be carried 
out is accuiately known, it is usually possible to employ local anesthesia, 
which most physicians agiee entails the least iisk for the patient 

Unfoitunately, it is sometimes impossible to ariive at an exact diagnosis 
pieopeiatively and there aie other cases in which one can feel reasonably 
certain of the diagnosis but in which the possibility of eiioi peisists In such 
situations, and in bad risk patients, one is confionted with the following 
dilemma On the one hand spinal anesthesia may be employed which will 
provide adequate exposuie foi whatever is encountered but entail con- 
siderable risk for patients with impaiied circulation On the othei hand, 
local anesthesia may be used which will too fiequently have to be supple- 
mented with an inhalation anesthetic if the exposuie and lelaxation aie not 
adequate This often means a deep ethei anesthesia with a difficult induction 
after the peritoneum is opened 

The use of Lemmon’s appaiatus foi conti oiled fi actional spinal anesthesia 
makes it possible to avoid this dilemma The spinal punctuie is done, the 
point of the needle left in place within the subarachnoid space, and the other 
end connected by rubber tubing to a syiinge containing 500 mg of procaine 
hydiochloiide dissolved in 10 cc of spinal fluid However, none of this solu- 
tion IS administered at once Instead the opeiation is begun under local 
anesthesia, exposing the patient to the minimum risk m opening the abdomen 
After the abdomen is open, if the piocedure indicated can be satisfactoi ily 
completed under local anesthesia, no spinal anesthesia is given If, on the 
other hand, the necessaiy procedure lequiies extensive exploiation or more 
relaxation, spinal anesthesia may be given in its safest foim and maintained 
during such part of the proceduie as is necessaiy If it does cause a sub- 
stantial diop in blood piessure and, this cannot always be avoided when the 
patients aie on the verge of shock, the withdiawal of spinal fluid will usually 
shorten its action 

We have used continuous spinal anesthesia for neaily all abdominal cases, 
except appendicectomies, during the past 15 months There have been no 
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table deaths, lelaxation has been as perfect as with nupeicaine, the anes- 
thesia has been continued as long as fom and a half horns, patients have been 
encounteied uho leqiiiied seveial hiindied milhgiams of piocaine hydiochlo- 
iide, uhile otheis have been anesthetized to the costal maigins with as little 
as 75 mg 

Thus, ue ha^e confiimed all the majoi claims of Lemmon foi his method 
Although we have not employed the defeiied method in a laige gioup of 
cases. It has seemed to oftei sufficient advantages m a limited field to warrant 
1 ecommendation Illustiative case lecoids aie siimmaiized below 

The fiist two cases aie those of patients, neaily moiibiind it is tiue, wdiom 
w'e dealt with befoie the use of controlled fi actional spinal anesthesia In one 
w e chose the fii st horn of the dilemma and w ith the othei w^e chose the other 
hoin Both patients died on the table 

The next is a patient in whom it was possible to omit the spinal anesthesia 
entirel}'', that is, the pioceduie was completed with local 

The last two requiicd spinal anesthesia and small amounts w^eie successfully 
administered duimg the critical stages of the pioceduie only 

Case I — A R , Hospital of the Universitj of Pennsylvania, #43581 Age 65, wfnte, 
male, admitted 12-19-39 

The patient had meningovascular lues and tabes dorsalis He also had cerebral 
arteriosclerosis w'lth facial palsy and had recently had an anterior coronary occlusion 
At 4 00 P M he developed abdominal pain and on admission had a tender, resistant 
distended and silent abdomen The preoperatue diagnosis w’as peritonitis due to a rup- 
tured viscus Appendicitis wuth rupture at the base w'as considered most probable 

Opciation — A low spinal anesthesia was given by the single injection method but 
it was not very effective so the operation was begun with local anesthesia The ap- 
pendix w'as exposed through a McBurney incision The peritoneal cavity contained 
large amounts of pus but the appendix w'as not ruptured In order to explore the re- 
mainder of the abdomen general anesthesia w'as necessary Cyclopropane and ether were 
used and a rupture was found m the sigmoid but the patient died on the table 

Case 2 — E C Graduate Hospital of the University of Pennsjdvania, #146662 Age 
45, colored, male, admitted 7-26-40 

The patient had had a ruptured duodenal ulcer 5-25-40 followed by evidence of a 
pelvic abscess which subsided without drainage He was readmitted following vigorous 
catharsis with cramp-hke pain, vomiting and a temperature of 102° F Pulse rate was 
130 and blood pressure 100/80 The abdomen Avas tense and distended He was man- 
aged Avith suction drainage and supportn^e treatment for several days but finally the 
obstructive symptoms became definite and operation became necessary 

Opetafton — Spinal anesthesia Avith nupercaine was employed The relaxation was 
excellent A distended loop of bowel was found and an enterostomy performed but the 
patient died on the table as the wound was being closed 

Case 3 — J O’D Graduate Hospital of the University of Pennsylvania, #149426 
Age 36, white, male, admitted 1-30-41 

The patient was greatly overweight He had been having precordial pam on ex- 
ertion for five years and an electrocardiogi am shoAved evidence of coronary disease He 
had had indigestion for ten days and had moderately severe epigastric pain from r 00 
PM on 1-30-41 Maximum pain and tenderness were to the left As they did not 
subside operation Avas decided upon the next day 

OpeiaUon~A malleable needle was inserted m the back and connected by a tube 
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to a syringe containing 500 mgs of procaine in 10 cc of spinal fluid Operation, how- 
ever, was begun under local anesthesia Acute cholecystitis and the edematous form of 
pancreatitis were found and cholecystostomy performed No spinal anesthesia was neces- 
sary and none was given The patient made a good recovery 

Case 4 — M D Pennsylvania Hospital, #58321 Age 65, white, female, admitted 
4-6-41 

The patient had been treated for carcinoma of the cervi-v with radium m May, 1940 
She had had diarrhea intermittently after that treatment and had been under the care 
of a cardiologist for attacks of auricular fibrillation At the time of admission she had 
abdominal pain and vomiting, the abdomen was distended and tender The patient was 
irrational and there were moist rales at both bases and some evidence of broncho- 
pneumonia The preoperative diagnosis was peritonitis and intestinal obstruction 

Opel ahon — Celiotomy was performed under local anesthesia and exploration and 
cecostomy under spinal anesthesia administered by our modification of the method described 
by Lemmon Procaine was given at intervals of from five to 16 minutes The successive 
doses were 25 mg , 25 mg , 12 mg , 12 mg , 12 mg , and 12 mg The sj stohc blood pressure 
varied only between 120 and 108 Mm of mercury During the procedure 250 cc of plasma 
was infused The patient left the operating room in comparatively good condition 

Case 5 — A M Bryn Mawr Hospital #1042170 Age 67, white, female, admitted 
3-1-41 

The patient was admitted with signs of intestinal obstruction She improved greatly 
after intubation with the Miller-Abbott tube and the obstruction was localized to the 
lower ileum In spite of the improvement she continued to have a marked azotemia 
and rales at both lung bases There was no history of coronary infarction but her 
physician did not believe that she had much cardiac reseive She was quite obese 

Ope) ahon — She was operated upon under local and controlled fractional spinal anes- 
thesia The abdomen was opened before any procaine was administered intrathecally It 
was then found that the site of obstruction was deeply placed Small doses of procaine were 
given and only then was it possible to expose and free an adhesion m the pelvis The total 
amount of procaine given intrathecally was 75 mg and this amount did not cause a 
serious drop m blood pressure 


CONCLUSIONS 

Exploratory celiotomy is occasionally necessary m patients who aie veiy 
poor operative risks 

The use of Lemmon’s procedure foi conti oiled fi actional spinal anesthesia 
makes it possible to opeiate on these patients under local anesthesia and yet 
to switch to controlled spinal anesthesia if a condition is found which 1 equires 
a greater exposure or more lelaxation than the local affords 

We believe that this combination of anesthetic technics further 1 educes 
the combined dangeis of anesthesia and inti a-abdominal manipulation for 
this type of case 
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CORRESPONDENCE 

To THE Editor 

In an article entitled ‘ Tumors of the Carotid Body,” by S W Harrington, O T Clagett, and 
M B Dockerty, published in the November, 1941, issue of the AN^Als of Surgerv, it is stated 
(i) That the carotid bodies are homologous to the medullary portion of the adrenal medulla, and (2) 
that their function is negligible because bilateral extirpation may be performed without untoward 
symptoms 

Actually, the carotid bodies, together with the aortic body (a similar structure situated between 
the arch of the aorta and the pulmonarj artery) are now known to have an unique and irreplaceable 
function because they contain sensory end organs that respond to certain chemical changes in the 
aiterial blood These sensory receptors (now called chemoreceptors or chemoceptors) can be stimu 
lated bj a decrease in oxjgen tension, or by an increase in CO2 tension or acidity in the arterial 
blood, and by certain drugs and chemicals such as nicotine, lobeline, cyanide, sulfide, etc The result 
of stimulation of these chemoreceptors is a marked increase in respiration and blood pressure, the 
afferent pathways are the two carotid sinus and two depressor nerves, entering the central nervous 
system by way of the glossopharyngeal and vagus nerves respectively 

The carotid bodies should be of particular interest to the surgeon for several reasons Tirst of 
all, it is now known that reflexes from these structures constitute the main defense of the body 
against anoxemia, the stimulation of the respiratory and vasomotor centers that occurs in periods 
of oxygen deficiency is certainly due preponderantly, and perhaps entirely, to carotid and aortic body 
reflexes Lack of oxygen probably does not stimulate the medullary centers directly at all, as formerly 
believed, in fact, if the carotid and aortic bodies are denervated anoxemia becomes purely depressant 
to the vital centers and respiration and blood pressure, instead of increasing, rapidly fail Fortunately, 
this chemoreceptor reflex system possesses a ruggedness which enables it to maintain respiration and 
circulation reflexly even though the medullary centers are severely depressed by such agencies as pro 
longed anoxemia and deep anesthesn 

It IS true that bilateral extirpation of the carotid bodies may not lead to untoward symptoms but 
this IS due to the fact that the aortic body is never removed surgically and this structure can assume 
some or all of the functions of the carotid bodies Even if the carotid and aortic bodies were removed, 
there probably would still be no outward signs of their absence until the organism was exposed to 
oxygen lack, in which case the vital functions would undergo steady and progressive deterioration 
without any stimulant phenomena whatever 

The original studies of carotid body function were made by C Heymans, in Ghent, in 1931-1933 
in recognition of which he was awarded the Nobel Prize in Physiology and Medicine in 1938 A 
number of review articles dealing with the functions of the carotid and aortic bodies have been published 
recently (Ergebnisse der Physiologic, 41, 28, 1939, Annual Review of Physiology i, 185, 1939 
Physiological Reviews, 20, 115, 1940, Jour Lab and Clin Med 26, 223 1940) 

Julius H Comroe, Jr , M D 

Dep’t of Pharmacology 
School of Medicine 
Univ of Penna , Phila , Pa 
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LATERAL ABERRANT THYROIDS'^ 

V Kneeland Frantz, M D , Richard Forsythe, M D., 

John M Hanford, M D , and William M Rogers, Ph D. 

New Yoiik, N Y 

FROM THE SORGIC\.l. PATHOLOG'i LABOU^TOU'i AND THE DEPVRTMFNT OF \.N\.TOM\, COLLFGB OF PH’VSICIWS AND 
SURGEONS, COLUMBIA UNnERSlTl, AND THE DEP\RTME\T OF SURGERY, PIIESB^ TEIll VN HOSPITVL, NFW YORK, N Y 

In presenting another small gioup of cases of a lelatively laie lesion, 
we have no desiie to buiden the hteiatuie with needless repetition Theie 
has been, however, in recent publications, some diffeience of expeiience 
Crile, 1939, made the following statements “(i) Twenty cases of papillaiy 
carcinomas of the thyioid, 15 cases of papillary adenomas of the thyroid, and 
13 cases of papillaiy tumois arising in lateial abenant thyroid tissue aie le- 
ported 

“(2) In only five of the 20 cases of papillaiy carcinoma of the thyioid 
has death occurred as a lesult of the tumor 

“(3) Ig no instance has it been pioved that eithei regional or distant 
metastasis took place 

“(7) Tumors aiismg in lateial abeirant thyroid tissue are essentially 
benign Only two of the 45 patients classified in the hteratuie as having 
malignant tumois of lateral abeirant thyroid origin have been reported to 
have died as a result of recurience of the tumor following operation None of 
the 13 patients in this series has died as a lesult of lateral abenant thyroid 
disease 

“It (8) has not been proved that either distant or local metastasis occurs 
from papillary tumois of lateral abeirant thyroid origin” 

Lahey, Hare and Warren (1940) state that “We have had 36 cases of 
malignancy of the lateral aberrant thyroid bodies in which operation was 
performed, and two patients have died of lecunence” Cohn and Stewart 
(1940) who report 16 cases of malignancy, state that “Local or regional 
recurrence after incomplete operation occurred in 71 per cent of the cases of 
papillary tumor, but none of the patients with pure papillary tumors died of 
remote metastasis ” 

Ward (1940) on the other hand, reporting 12 cases of malignancy states 
that “In this senes, two deaths from papillary tumors occurred, one of 
Submitted for publication May i, 1941 
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these fiom pulmonar}^ metastases, and I believe that a third death was caused 
by metastases fiom a lateial noiipapillaiy tumor In view of these findings, 
I feel that a guarded prognosis should be given in similar cases, and that more 
deaths will be found m cases reported by other investigators if a sufficiently 
long period of observation is maintained ” 

Our own experience leads us to agree with Waid, and we wish to present 
It so that we may urge a serious surgical approacn to what may appear at 
fiist study as a relatively benign lesion At least some of the late, unex- 
pected deaths we hope may be avoided if the pioblem is appioached from 
this point of view Tumojs m 2^ of oui jo cases of lateral aberrant thyroid, 
malignant tumor in 2^ of these 2^, and eight deaths in these 2^, or' a 34 per 
cent mortality, fuinish the basis for oui argument 

The teim “aberrant thyroid” was first suggested by Schiager in 1906, 
and defined by him as “a mass of tissue having the structuie of a normal 
01 pathological thyioid gland and situated at some definite distance from 
the normal thyioid with which it has no connection whatsoever ” Schrager 
gives Cl edit to von Haller foi first recognizing the condition in 1779, and 
the first adequate description was presented by Porta m 1849 

Distinction must be made between medial and lateral, as well as between 
true and false abeirant thyroid glands It is accepted that medial aberrant 
thyroids are found along the thyroglossal tract, and these are not considered 
in this leport A false aberrant thyroid retains connection with the main 
gland — as a protrusion from it This paper will be concerned only with true 
lateral abeirant thyroids 

Following Schiager’s description, excellent summaries have been made 
by Billings and Paul (1925), Leech, Smith and Clute (1928), Dunhill 
(1931), Cattell (1931), Moritz and Bayless (1932), van den Wildenberg- 
(1934) , Crile (1939) , Cohn and Stewart (1940) , and Ward (1940) We 
have reviewed the literature to date and have been able to find 215 cases re- 
ported in detail To this number must be added 36 reported by Lahey, Hare 
and Warren (1940), but these have not been analyzed Of the 215 cases 
analyzed, 86 were considered definitely malignant Of these, 66 were papillary 
tumors 

One of us (Rogers) has long been interested m the embryologic develop- 
ment of the thyroid, and it is worth a biief review, as it bears upon the sur- 
gical, anatomic and pathologic findings 

The description by His (1885) of the development of the human thyroid 
was accepted by anatomists as collect until it was contiadicted by Grossei 
in 1910 His stated that the thyioid aiose fiom three embryonic paits — 
one median anlage which developed fiom the floor of the pharynx and two 
lateial anlagen which arose fiom the last phaiyngeal pouch These three 
embryonic parts fused and developed into the thyroid gland 

Giossei thought the lateral thyroids, or ultimobianchial bodies, degen- 
erated subsequent to their fusion with the median anlage He consequently 
criticized the term lateral thyioid as being inaccurate 
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111 1914, and again in 1939, Kingsbury agieed with Giossei, but stated 
that the human mateiial available was not pel feet foi such a cytologic study 
As a result his conclusions weie made with leservations In 1923, Kings- 
buiy suggested a 1 einvestigation of the histogenesis of the thyroid on some 
mammal whose embiyos could be attained in fiesh condition It was also 
necessaiy to have a laige number of embiyos of known ages to form a series 
of successively oldei stages 

In 1927, Rogeis made a study of the histogenesis of the thyioid 111 the rat 
This woik was done in a closely giaded senes of approximately 300 em- 
bryos, fetuses and newborn animals In this material mitoses and not de- 
generating cells weie obseived in the cell cords and masses deiived from 
the ultimobianchial body Since colloid-contaimng follicles developed m all 
of the colds in the legion where the lateral thyroid was located, he concluded 
that the lateral thyioid (ultimobianchial body) formed some thyroid pa- 
renchyma which could not be distinguished histologically fiom any other 
part of the gland In all probability the actual mass of thyioid tissue is 
relatively small 

Badeitscher (1918), studying pig embiyos and fetuses, had arrived at 
a similar conclusion In 1933, Weller, studying human embryos, verified 
the above observations However, we consider Weller’s estimate, that the 
lateral thyroid contiibutes one-thud of the tissue of the definitive thyioid, 
much too high Norris (1937) considers that the lateial thyioid contributes 
about one-sixth to one-eighth of the thyioid paienchyma 

Rogers suggested that the strongly determined median thyioid cords 
might induce the less strongly detei mined lateral thyroid anlagen to de- 
velop into a gi eater amount of thyioid tissue than is the case when the two 
structures remain separate Godwin (1937, 1939) endorsed this view as being 
highly probable 

True lateral aberiant thyioid masses do not necessaiily repiesent the 
same embryologic material For instance 

(a) In lingual thyroids any lateral abeirant thyroid tissue would be 
derived entirely from the lateial thyroid (ultimobianchial) bodies and would 
probably, though not necessarily, be associated with the parathyioid derived 
from the fourth pharyngeal pouch 

(b) In most instances lateral abeirant thyioids are deiived from the 
lateral thyroid body, and cell cords from the lateral cornu of the median 
aniage which have fused together but have become sepaiated from the mam 
part of the median aniage 

A mechanical explanation for the failure of the lateral thyroid (Fig- i) 
to descend is logical The epithelial ductus pharyngobranchialis connecting 
the lateral thyroid with the pharynx may not rupture Likewise the ecto- 
deimal cleft IV (ductus branchialis), which is fused to the fourth pouch, may 
also persist Both of these structures are shown in Figure lA m a human 
embryo of appioximately six weeks (10 i mm m length) 

The persistence of the ectodermal ductus branchialis after the rupture 
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of the entodeimal ductus pharyngobianchialis probably explains the super- 
ficial position of our Case 3, where the tumor lay supeificial to the first layer 
of deep fascia covering the sternocleidomastoid, but covered by the platysma, 
and possibly Case 12, although only the supeificial pait of this infiltrating 
growth was exposed The platysma is derived from mesoderm of the hyoid 
arch, which grows downwaid and coveis over the small third and fourth 
arches and their branchial ducts 
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Fig I — (A) A frontal section through the branchial region of a human embryo 
about SIX weeks of age (length lo i mm ), shotting the four branchial arches and the 
ectodermal clefts which separate the arches from each other externally The fourth 
pharyngeal pouch is in contact with the ectoderm of the fourth cleft The entoderm of 
the dorsal part of this pouch ttill form the superior parathyroid Extending caudally 
from the medial part of the fourth pouch is the lateral thyroid body A part of the 
median thyroid is shown adjacent to the third aortic arch (B) A section through the 
same embryo (17 sections ventral to Figure i A) It shows the lateral thyroid cut 
transversely 


Raiely is a lateral abeiiant thyioid found above the level of the twelfth 
nerve m the stibmaxillary tiiangle This is tiue because the median anlage 
does not expand laterally far enough to make contact with the lateial thyroid 
until it reaches this level m its descent Since the lateral thyroid arises fiom 
the pharynx below the level of the twelfth nerve, tissue deiived fiom this 
source must, of necessity, be located below this level 

It IS easy to undei stand how loose cords oi masses of thyroid tissue may 
be stranded along its descent from about the level of the junction of the 
common facial (or comparable vein) with the internal jugulai vein down to 
the lower bolder of the thyroid gland, and intimately associated with the 
lymphoid tissue in this location Most of these abeirant masses are related 
to the internal jugulai vein or its tributaiies which aie close to the thyroid 
during its descent 
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The relations of the medial and lateial thyroid components, the para- 
thyroids and the thymus, to each othei and to adjacent ceivical stiuctures in 
embryos of about seven weeks aie shown m Figuies 2 and 3 Lateral aber- 
rant thyroids, occurring below the level of the thyioid, probably develop from 
thyroid coids which have come in contact with the thymus Such masses 
may be deposited along the course taken by the descending thymus even as 
far caudal as the supeiioi mediastinum In Case 26, where a total thyroid- 
ectomy and bilateial neck dissec- 


tion were pei formed, the patient, 
attei some months, no longei 
required thyioid extiact It is 
possible in this case, therefoie, 
that there is still functional 
thyioid tissue, and piesumably 
this IS in the supeiior medi- 
astinum, the only region uhich 
has not been exploi ed The 1 e- 
lations of the embryonic thymus 
aie illustiated in Figure 2 
No experimental evidence 
has been introduced since this 
type of experimental embryology 
can not be undertaken on mam- 
mals However, some natural 
experiments aid in understand- 
ing the role played by each com- 
ponent, but are not conclusive 
Cases have been reported m 
which myxedema followed re- 
moval of a lingual (medial) 
thyroid which had not fused with 



the lateral anlage — indicating Fig 2— a reconstruction of the cervical region of 

, , , a human embryo about seven weeks (length 22 nim), 

that the maximum potentialities illustrating the relative positions and sizes of the 
- - w , , median and lateral thjroid bodies, the tivo pairs of 

01 the lateial anlagen do not parathjroids, the right and left thymus, the internal 
, jugular veins, the 12th cranial nerve, and the ganglion 

materialize when fusion with the nodosum of the vagus The horizontal line represents 

the lei el of the section illustrated in Figure 3 

median thyroid fails to occur 

Erdheim (1904) repotted that in thyroaplasia the defect was of the middle 
anlage and that the lateral thyroid gave use to no thyroid tissue In Weller’s 
myxedematous case (Ophelia P ), colloid-contammg follicles definitely derived 
from the lateial thyroid are evidence that this embryonic part can and does 
pioduce thyroid-hke follicles Nor is there reason to doubt that the lateral 
as well as the median anlagen may be involved 

It IS a curious fact, however, that there is no proof in man of function in 
lateral aberrant thyroids, and our Case 2, m which a toxic nodular thyroid 
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was removed, and the lateial abenant tissue showed no evidences of hypei- 
activity, IS of interest in this connection Also, we have been unable to find 
in the liteiature a case m which lemoval of a lateral aberrant thyroid pre- 
disposed the patient to hypothyroidism Probstem and Agiess (1936) re- 
poited a case of myxedema following lemoval of an abeirant thyroid tumor 
They were indefinite as to the exact location of the tumoi, and fiom their de- 



Tig 3 — A tnnsverse section through the cervicil region of the embryo 
illustrated in Figure 2 On the right side the large lateral thyroid mass is 
intimately fused to the cords of the medial thyroid The inferior parathyioids 
are present on both sides 


scnption we believe that it should be legaided as a median abenant thyroid 
We encountered no cases of hypeithyioidism that weie benefited by removal 
of lateral abenant thyroid tissue alone But it must be remembered that 
functional thyioid tissue is always present in the mam gland 

Anatomically, as found at operation m oui senes, and as would be ex- 
pected fioni a knowledge of the embiyologic development, neaily all of the 
nodules he beneath the stei nocleidomastoid muscle They may pioject from 
beneath the holders, and some aie entiiely behind the muscle in the posterioi 
triangle, including the supraclaviculai space But they tend to occupy the same 
geneial location as the chain of deep cervical lymph nodes, from the posterior 
belly of the digastric muscle to the clavicle, none above the hypoglossal nerve 
Except in advanced malignancy the lowei nodules have been found lying 
loosely m areolar tissue fiom which they are easily shelled out, wheieas the 
upper and midcervical nodules have moie fiequently been adherent to vein 
and muscle The lowest nodule found lay below the lower pole of the 
thyroid gland When the thyroid gland is involved with associated nodules 
these are found predominantly m the uppei part of one lobe always on the 
affected side 
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The diagiam (Fig 4) depicts a composite view of the location of all of 
the nodules, or gioups of nodules in all of oui cases, as if all weie in the left 
side of the neck Thus, it is found that the three dominant sites are (i) 


Ant belly 
of Dig H 


Hyoid bone 
Sup thy V 

Thy gland 



-Sterno cl mast M 

Post belly of 
Digastric M 

Common facial V 
Int Jug V 
Omohyoid M 

X* Small group of 
small nodules 
superficial to 
sterno- cl mast M 


Clavicle 


Fig 4 — Dngram showing a composite view of the location of all of the 
nodules or groups of nodules in all of our cases, as if all were in the left side 
of the neck 



Fig s Photomicrograph from a case of papillar> carcinoma of the 
mam thjroid (with no lateral aberrant thyroid), showing multiple metastatic 
toci ot papillary tumor scattered through a lymph node 


The upper deep cervical region, above the omohyoid muscle, (2) the lower 

deep ceivical region, below the omohyoid muscle, (3) the supraclavicular 
1 egion 

As tve have said above, the malignancy of these tumors of lateral aberrant 
th}ioids has been a matter of difference of opinion In the hteiature we 
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weie able to find only eight deaths reported — two by Dunhill (1931) , one 
by Cnle (1939), thiee by Waid (1940), and two by Lahey (1940) In 
onl}- one of these was theie definite evidence of distant metatases Un- 



Fig 6 — Photoinicrognph of ^noti^er lymph node from the stme cise a? Figure 
S showing tumor in the afferent lymph vessel md in the nnrgiml sinus 



Fig 7 — Case i Photomicrograph showing aberrant thyroid tissue 
in a lymph node 


fortunately, however, the majority of the reported cases lack follow-up data, 
and we wish later to emphasiye that this is essential in older to deteimine the 
true nature of these tumors 

The distinction between lateral abeiiant thyioid tumors and metastases to 
ceivical lymph nodes from carcinoma of the thyroid is always difficult and at 
times impossible In all our cases we have accepted metatases only when 
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groups of tumor cells lie scatteied in a structuie which has the architecture of 
a lymph node, i e , marginal sinus, sinusoids and lymph follicles In Figures 
5 and 6 the photomici ographs show such a metastasis, with papillaiy tumor 
not only in the marginal sinus and scatteied thiough the sinusoids, but also 
in the afferent vessel leading to the node Figuie J fiom Case i shows what 
we consider abeirant thyioid tissue not occurring sepaiately but situated in 
a lymph node This being the case, if such a structuie became neoplastic 
it would obviously be exceedmgl}^ difficult — really impossible — to differ- 
entiate between a piimaiy tumoi in a lymph node and a metastasis Like- 
wise, It IS equally impossible to be ceitam whether an encapsulated nodule 
IS a piimaiy tumoi, or a metastasis m a lymph node which has destroyed all 
the lymph node aichitecture But we feel that multiple small foci in a lymph 
node are much more likely to repiesent metastases than to be multiple aber- 
rant foci Case 26 illustrates multiple abenant thyroid nodules, bilateral, 
and also metastases 

The considerable numbei of cases lecently leported attests the better 
recognition of the disease Giuegei (1876) states that m autopsy material 
a caieful examination leveals abeirant thyioid tissue in 10 per cent of all 
cases We know of no lepoit since then in which the actual incidence of 
the anomaly is given Lahey (1940) lepoits 36 cases of lateral abenant 
thyroid caicmoma m 18,600 goitei opeiations at the Lahey Clinic, an inci- 
dence of approximately 02 pei cent, and Ciile, lepoiting the same series 
earlier gave an incidence of one lateial abeirant thyioid to 1,000 goitei 
operations This undoubtedly includes the benign cases 

In a total of approximately 3,800 suigical thyioid specimens at the Pres- 
byterian Hospital, from 1924 to January i, 1941, of which 109 weie caici- 
nomas, we are presenting 30 cases of lateral abenant thyroids These, even 
if the mam gland was also involved, aie not included m the figuie for the 
carcinomas given above There weie in this period also six cases of median 
abei rant thyroid tumors, and m the same pei lod 39 thyroglossal cysts 

The difficulty m diagnosis repoited in the liteiatuie has been piesent m 
our series The commonest clinical picture is that of enlarged cervical lymph 
nodes The following disease entities aie, therefore, difficult to differentiate 
from lateral abeirant thyroids Chronic lymphadenitis, tuberculous lymph- 
adenitis, Hodgkin’s disease, lymphosai coma, metastatic caicmoma Branchial 
cyst and carotid body tumor have also been confused Even when the masses 
are exposed at opeiation the diagnosis may not be suspected unless they are 
strikingly bluish-black due to hemoirhage, which often occurs 111 the papillary 
tumors, or reddish enough to suggest normal thyioid tissue 
Our 30 cases have been classified as follows 

The six cases classified as adenocarcinoma all showed large undiffer- 
entiated areas, and two of them showed very sti iking spindle cell metaplasia 
It is not possible m the space allotted to analyze the case histones in 
detail We regiet this because we would like to piesent all the evidence upon 
which the diagnoses are based, realizing the controversial nature of this 
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mateiial We have sciutimzed repeatedly the clinical, anatomic and pathologic 
features, and discaided all cases in which theie could be any doubt as to 
the abeirant natuie of the tissue Summaiies of the essential findings appear 
in the tables 


Table I 


Benign 


Mahgnanl 


No of 
Cases 


Lateral aberrant thyroid gland 2 

Nontoxic nodular goiter of lateral aberrant thyroid i 

Adenoma of lateral aberrant th> roid gland i 

Papillary cysto adenoma of lateral aberrant thyroid 3 


7 (3 not neoplasms) 


Papillary carcinoma of lateral aberrant thyroid (thyroid involve 

ment in all but three) I2 

Papillary and adenoma mahgnum type combined (both with thyroid 
involvement) 2 

Adenoma mahgnum type with no marked papillary arrangement 
(two with thyroid involvement and one without) 3 

Adenocarcinoma (thyroid involvement in four) 6 


23 (i2 predominantly 
papillary) 


Table II summarizes the fiist three cases of the senes which we do not 
regard as neoplasms The first two are simple thyioid tissue without ab- 
noimahty other than site, and were not lecognized clinically oi grossly, 
but were found on micioscopic examination Case i is illustiated m Figure 
7 Case 2, as will be seen from the table, showed none of the histologic evi- 
dences of toxicity demonstiated in the mam gland Case 3 showed the same 
involutional changes m the abeiiant nodule as, ii years previously, weie 
found m the mam gland Multiple lateral nodules had appeared m this case 
eight and one-half yeais after thyroidectomy, and one was removed for 
diagnosis The remaining nodules have not changed clinically, but it has been 
decided to remove these in the near futuie because of the high incidence of 
neoplasm in these lateral masses 

Table II 
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Case 



Dura- 

Loca- 

No of 

Condition of 


Treat- 


No 

Age 

Sex 

tion 

tion 

Nodules 

Thyroid 

Gland 

Pathology 

ment 

Result 

I 

42 

F 

? 

? side 

I 

Nontoxic 

nodular 

goiter 

Lat aberrant 
thyroid tis 
sue in lymph 
node 

Excision 

No recurrence 

13 mos 

2 

54 

F 

? 

? side 

2 

Toxic nodu- 
lar goiter 

Lat aberrant 
thyroid tissue 

Excision 

No recurrence 

75 mos 

3 

25 

F 

2 yrs 

Left 

I 

Thyroid- 

ectomy 

II yrs 
prev for 
nontoxic 
nodular 
goiter 

170 

Nontoxic 
goiter lat 
aberrant 
thyroid 

Biopsy 

Persistence of 
nodules not 
removed 17 
mos These 
to be re 
moved 
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Table III is the analysis of the foui cases thought to be benign neoplasms 
Two cases oiiginally included in this group aie now classified as malignant, 
because lecent operations for lecurience have demonstiated tumois, which, 
while still aichitecturally similar to the original giowtlis, now have clear cut 


Fig 8 



Pig 9 

Pig 8 — Case 6 Photomicrograph of a benign papillary cysto 
adenoma This came from a single encapsulated mass The 
patient is well, 52 months after operation 

Fig 9 — Case 10 Photomicrograph of a papillary carcinoma 
of lateral aberrant thyroid The mam thyroid was involved in this 
case 

blood vessel invasion One of these has been followed ii years since the fiist 
procedui e 

It is not impossible that a longer follow-up will prove us wiong on these 
foui cases The burden of pi oof is on the pathologist who calls any of these 
tumois benign One must study the character of the cells, observe any nuclear 
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variation, search painstakingly foi blood vessel and capsule invasion, and 
evaluate all these factors Figure 8, Case 6, illustiates the histologic picture 
of a papillary cysto-adenoina which had only one excision, and no recurrence 
at 52 months Case 4 of this group had had two pievious operations for 
similar tumor, and Case 7 one previous operation In neithei of these cases 
was tumor found m the mam gland, although Case 7 had a nontoxic nodular 
goiter This case is the only one without a long follow-up, and has a per- 
sistent nodule which is to be removed shortly 


Table III 

BENIGN TUMORS OP LATERAL ABERRANT THVROID 


Case 



Dura- 

Loca- 

No of 

Condition of 


Treat- 


No 

Age 

Sex 

tion 

tion 

Nodules 

Thyroid 

Gland 

Pathology 

ment 

Result 

4 

52 

F 

18 yrs 

Right 

I 

Not enlarged 

Adenoma lat 
ab thy 

Excision 

No recurrence 
108 mcs 

S 

48 

F 

13 yrs 

2 pre 

VIOUS 

exci- 

sions 

else- 

where 

Left 

I 

Not enlarged 

Pap cjsto- 
adenoma lat 
ab thy 

Excision 

No recurrence 

loi mos 

6 

S 3 

F 

9 yrs 

Left 

I 

Not enlarged 

Pap cysto- 
adenoma lat 
ab thy 

Excision 

No recurrence 
52 mos 

7 

40 

F 

7 yrs 

I pre 

VIOUS 

exa- 

sion 

Right 

4 

Nontoxic 
nod goiter 

Pap cysto- 
adenoma lat 
ab thy 

Excision 

Persistent 
nodule 7 
mos To be 
removed 


Table IV is the analysis of 12 cases of tumor thought to be malignant, 
and predominantly papillaiy In these 12 cases the thyioid itself was in- 
volved m all but three, but in eight of the 12 the presenting symptom was 
the lateral mass Two cases were bilateral, and these both had thyroid in- 
volvement They were exceedingly well different’ ated tumois, and this was 
striking m Case 10 (Fig 9), where the metastasis m the lung (Fig 10) has 
a most innocent appearance, repioducing the well-differentiated papillary 
character of the oiigmal growth Presumably Ciile would not classify any 
of these as papillary carcinoma for he states that “A tumoi which shows 
invasion of the blood vessels is here classified as a malignant adenoma even 
though it contains papillary areas,” and “Invasion of blood vessels is rarely 
seen m tumors that aie predominantly papillary” Much depends, of course, 
on one’s interpretation of the word “piedominantly,” but in tins group many 
sections were made of the tissue and the papillary arrangement was every- 
where striking, even in the blood vessels (Fig ii) Colloid was present m all 
but one of tbe tumors (this case had only a small biopsy) and psammomatous 
bodies in nine of the 11 Blood vessel invasion was twice not demonstrated 
The material in the first of these was scanty, but the patient. Case 29, died 
of lung metastases The other case without blood vessel invasion demon- 
strated IS too recent to evaluate, having lived only 40 months after operation, 
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although still free flora evidence of disease In two the thyioid was not 
involved, and one of these, Case 29, already cited, died of local disease with 


•.•V'O 






Fig 10 — Case lo Photomicrograph, high power, of lung metas 
tasis, showing well differentiated papillary tumor (Section through 
the courtesy of Mt Sinai Hospital ) 

roentgenograpliic evidence of lung raetastases, while the other, Case 9, has 
persistent local disease and roentgenograpliic evidence of pulmonary raetastases 




S, *»»5' * . -"I* 'vV 1 - * * , VA'- 

-v ** L . ’ )% I 



-l 4 'o* ' » , X ' '' V 

L^'-r- ^ ^ T C 

Fig II — Case 15 Photomicrograph showing blood vessel invasion by well 
differentiated papillary tumor 

Four of the cases had what we interpreted as lymph node raetastases 
m addition to the aberrant nodules One is dead This is Case lo, with dis- 
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tant metastases demonsti ated at autopsy The other three are living (Cases 
14, 15 and 16), one month, 24 months, and one month after their last opera- 
tive procedures All the cases with tymph node involvement showed blood 
vessel invasion 

Radiotherapy was employed in all four of the fatal cases — radium pack, 
radium needles and roentgenothei apy in the first, roentgenotherapy in the 
second and third, and radium needles and roentgenothei apy in the fourth 
There was slight legiession of the tumor in each case, but no airest One 
patient, who is still living, was treated intensively with roentgen-ray, a total 
of 13,240 r to SIX fields before opeiation, with some regression at first 
This case. No 14, has lequiied extensive suigery since then, and may well 
require more One case. No 9, had intensive ladiation after biopsy, with 
temporary regression, but with recent increase in the size of the mass, and 
has recent roentgenographic evidence of lung metastases Two other cases. 
Nos 13 and 17, received intensive radiation after removal of the tumor The 
effect of roentgenothei apy in these, therefore, cannot be judged, and they 
only have a short follow-up, but they are living without evidence of disease 
40 and 12 months, respectively, after the last operation 

Table V is the analysis of ii cases of malignant tumois not predominantly 
papillary These are subdivided somewhat according to histologic appearance 
m Table II 

The first two cases, Nos 20 and 2T, were partly papillary, and also had 
large adenomatous areas lesembhng simple adenoma more than adenocarci- 
noma, or what we would call “caicmoma, adenoma mahgnum-type ” One is 
living without evidence of disease 28 months after the second operation, and 
one without disease seven months after the thud operation Both showed 
some colloid acini Both had blood vessel invasion Neither had lymph node 
invasion In both, the mam gland was also involved Both had radical suigery 
and radiation, the first had radiation befoie operation without effect, the 
second after removal of tumoi, but a new nodule appealed during treatment 
The next thiee cases. Nos 22, 23, and 24, were carcinoma, adenoma 
mahgnum-type, two with no papillary airangement at all, and one with a very 
little All showed colloid follicles All had blood vessel invasion but no 
demonstrated lymph node metastases One, Case 22, was radiated for le- 
currence and showed some regression but died with local disease Case 24 
lived 70 months, having had no postopeiative radiation, and died without local 
recurrence but with loentgenogiaphic evidence of metastases in vertebrae 
and lungs This case was originally erioneously classified as simple adenoma 
Case 23 was oiiginally classified as a simple adenoma, but was always 
under suspicion because she had a nodule in the mam gland This case had 
been followed for nearly ii years after the first operation (she had a five- 
year history of tumor before operation), and her very lecent exploration 
yielded a good-sized tumor still lateral, with marked blood vessel invasion 
The next six cases are arranged in order, as fai as possible, according to 
the histologic evidence of differentiation The fiist. No 25 (Fig 12), and 
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thought least undifferentiated, is dead of local disease In this case the 
thyioid was not involved, and no blood vessel invasion was demonstrated, 
lymph node invasion, however, was seen Roentgenotherapy caused only 
slight regression at first Radical neck dissection also failed to control the 
disease 

The next case. No 26, is the only child in the series This case has already 
been published m e.xtenso (Langman and Bruch) as a caicmoma with bilateral 
metastases On reanalysis, however, we believe that, m addition, it represents 



Tig 12- — Case 25 Photomicrograph of biopsy specimen which was erroneouslj 
interpreted as squamous cell cpitheliom i 


bilateral carcinoma of abeirant thyroid, and as such, with a longer follow-up, 
should be included here The disease in this child was very extensive, and 
was treated by radical surgery and postopei ative radiation She had a total 
thyi oidectomy, bilateial radical neck dissection, and lequired thyroid extract, 
but it IS of interest that she no longei requnes this, suggesting that some 
thyroid tissue still remains She is free from evidence of disease after 6o 
months 

Of the last four cases, one. Case 29, is dead with roentgenographic evidence 
of lung metastases, one, Case 27, is living with questionable recurrence locally, 
after 24 months, and two are living without evidence of disease, one, 118 
months, and one, 28 months after their second operations, and one, iii months 
The one, Case 28, living 118 months, who was thought to have a highly malig- 
nant tumor (Fig 13) had a biopsy, and three years later (because he failed 
to return for treatment) a partial thyi oidectomy and excision of the lateral 
mass Recurrence appeared after roentgenotherapy (6,000 r ), and was then 
apparently not controlled by insertion of needles (2,710 mg hr ), so this was 
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followed by a ladium pack of 25,000 mg hr Disease peisisted and loentgeno- 
theiapy was again employed, and, with 5,100 r, the disease has appeared to 
be undei contiol foi the last seven yeais This is the only case in the senes 
which strongly suggests the roentgenothei apy has altered the course of the 
disease * 
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Fig 13 — Case 28 Photomicrograph showing nndifTerentnted 
caicinoma with much fibrosis This patient is well iii months 
aftei opention and roentgenotherapj foi recurrence He gave a 
historj o£ tumor for ii >ears before operation 




Discussion — The gioup of benign cases is so small that no separate sta- 
tistical summaiy is ot inteiest Ceitain findings may be stressed in the 23 
malignant cases taken as a gioup 

There weie 17 females and six males, a latio of 2 8 to i Theie weie four 
Negroes in the group 

The age on onset varied fiom foui to 61 By decades the distribution is 
shown in Table VI 


Table VI 

AGE or ONSET B\ DECADES 


Decades 

i-io 

11-20 

21-30 

31-40 

41-50 

SI-60 

61-70 


No of 
Cases 

1 

2 
8 

3 
6 

1 

2 


Total 23 

The basal metabolic rate was often not determined, and nevei of signifi- 
cance, except postoperatively m the one case with total thyroidectomy There 
^^as no case of hypeithyroidism in the malignant gioup 

* The factors for roentgenotherapy were constant for all the cases These were 
as follows 200 K V , 25 Af amps , 50 cm T S D , with i 05 mm Cu and i 25 mm Ai 
The single dose varied from 100 to 125 r 
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In the malignant cases the presenting symptom was the lateral mass m 15, 
01 65 pel cent In this same group the thyioid gland was involved in 17 cases, 
01 74 per cent 

The malignant cases m which the thyroid was unmvolved are as follows 

(1) Papillary carcinoma Dead, with peisisting local disease and 

roentgenographic evidence of lung metastases 

(2) Papillary carcinoma Living, with local disease and roentgeno- 

graphic evidence of lung metastases 

(3) Papillary caicinoma Living, without evidence of disease, 19 

months aftei the first opeiation, two weeks after the second 

(4) Adenoma mahgnum Dead, 94 months after operation, with no 

local recuiience but with roentgenographic evidence of 

metastases to veitebiae and lungs 

(5) Adenocaicinoma Dead, five months aftei operation, of local 

disease 

(6) Adenocarcinoma Living, without evidence of disease, 28 months 

aftei the second operation 

Lymph node involvement occuried in seven cases, or 30 per cent In our 
series of 109 cases of caicinoma of the mam gland theie have been only four 
cases of regional lymph node metastases without lateial aberiant thyroid dis- 
ease Of these foui cases, one is living without evidence of disease 63 months 
after partial thyi oidectomy and excision of the metastatic nodes This patient 
had a lecuiience which has disappeared under roentgenothei apy The other 
three all have peisistmg disease, six months, 64 months and 133 months, re- 
spectively The patient who is living, without evidence of disease, may have 
had the couise of the disease alteied by loentgenotheiapy, as this is at least a 
five-year ariest 

The statistics in the tables concerning the duration of the disease before 
and after opei ation should be noted carefully It is obvious from these figures 
that long dui ation before, and even after opeiation is not necessaiily an indi- 
cation that the patient will not eventually succumb to the disease 

CONCLUSIONS 

Fiom this senes we feel that it is evident that, even with caieful laboiatory 
study, it IS difficult to differentiate between benign and malignant tumors in 
lateial abeirant thyroids Foi this leason we advocate biopsy of one or more 
nodules with subsequent theiapy dependent upon the laboratory report If 
the biopsy shows a benign lesion, then an operation to remove all of the nodules 
IS advised, because of the numbei of cases which give such a long history of 
stationary masses which subsequently proved to be carcinoma It is, of corn se, 
impossible to know whether the histologic picture m these was the same from 
the onset of the swellings 

If the biopsy shows malignant disease with or without lymph node involve- 
ment, a ladical neck dissection is advisable, on both sides if the disease is 
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bilateral If the thyroid gland is involved, a partial or complete thyroidectomy 
IS indicated, depending upon the findings 

There is not enough evidence to evaluate the effect of roentgenotherapy, 
but m at least two patients the disease appears to have been arrested by it 
In others, recurrences appealed during treatment It seems, therefore, a 
mattei for personal decision in each individual case It is the only thera- 
peutic measure in the cases which, foi one reason or another, are considered 
inoperable 

Finally, from the study of this series we feel justified in stating, em- 
phatically, that all of these tumoi s should be considered potentially malignant, 
studied with care, treated ladically, and followed indefinitely 
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MASKED HYPERTHYROIDISM^ 

Lester Breidenbach, M D , and Emanuel Appelbaum, M D 

New York, N Y 

Generally speaking, the diagnosis of frank hypei thyroidism of the 
exophthalmic type oi the type associated with toxic adenoma of the thyroid 
gland, offers no particular difficulty There are, however, patients suffering 
fiom thyrotoxicosis m whom the classic signs and symptoms of hyperthy- 
roidism are either wanting oi are not obvious Such a person presents an 
atypical clinical picture of some other type of disease, such as oiganic heart 
disease accompanied b}^ congestive heait failuie, angina pectoris or auricular 
fibrillation, arterial hypertension, diabetes mellitus, gastio-mtestmal disturb- 
ances, some form of malignancy, cbionic pulmonary tuberculosis, psycho- 
neurosis or some musculai disease In these instances the thyi otoxicosis is 
either undiagnosed or diagnosed ver}' late 

Marie,^ as early as 1883, peihaps the fiist to call attention to atypical 
hyperthyroidism He stiessed the importance of recognizing Basedow’s dis- 
ease with tremoi and model ate tachycaidia but without exophthalmos 01 
goiter 

In 1885 Chaicot,- under the caption “Maladie de Basedow joi mes p usfes" 
drew attention to those cases of exophthalmic goitei in which one or the other 
of the triad of symptoms, struma, exophthalmos and tachycardia, was wanting 
In 1889, he further elaborated upon cases of hyperthyioidism which failed 
to present the leading symptoms and labeled them as the attenuated form 
of the disease 

Levine and Sturgis,® in 1924, undei the title “Hypei thyioidism Masked as 
Heart Disease,’’ described five cases with symptoms referable to the heart, 
usually palpitation, pain, dyspnea and tiansient attacks of auiicular fibrillation 
Boas and Shapiro,'^ m 1925, discussed a gioup of cases of hyperthyroidism 
with hypertension which they regarded as a special syndrome to be distin- 
guished from the ordinary foim of hypertension and from exophthalmic 
goiter Then patients showed an elevation of both the systolic and diastolic 
blood pressures, associated with caidiac hypertrophy Hubbell,® in 1927, 
lecorded two cases simulating diabetes mellitus Levine and Walker,® m 1929, 
stressed the importance of recognizing latent hyperthyroidism m cases of 
auricular fibrillation which fail to respond to digitalis theiapy They men- 
tioned also the fact that some of their patients with masked hypei thyroidism 
showed a transient glycosuria, mild persistent glycosuria, or an appreciable 
hypertension 

Hamburger and Lev,"^ in 1930, reported five cases of masked hyper- 
thyroidism and reviewed the subject m a very comprehensive manner 

* Read before the New York Surgical Society, April 9, 1941 
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They noted that then patients weie all at oi beyond the middle decade 
of life and that they did not piesent the usual obvious signs and symp- 
toms of toxic goiter The classical features of the disease were replaced by 
apathy, weakness, loss of weight, pigmentation, eaily fatigue, and some slight 
staring expiession of the eyes, and m many instances by the clinical picture 
of some ciiculatoiy disoidei , namely, congestive heait failure, auiiculai fibi il- 
lation, tachycaidia, oi angina pectoiis A lesser number piesented the clinical 
pictuie of diabetes melhtus oi of pernicious hypei emesis Veibrycke,^ m 
1931, lepoited a senes of 34 cases of hypei thyioidism masquerading as some 
foini of gastio-mtestmal disease In 1931 and 1932, Lahey^’ ^on- 
tiibuted an impoitant senes of papeis on the subject He called paiticulai 
attention to an atypical foim of the disease occurnng in middle-aged or past 
middle-aged individuals, which he teimed “apathetic hyperthyroidism ” 

Shori^^ lecently obseived a group of cases of hypei thyroidism simulating 
myasthenia giavis 01 piogiessive muscular dystiophy He emphasized that 
the musculai weakness m thyi otoxicosis, as well as in the muscular diseases, 
IS the lesult of a defective cieatme metabolism In all these conditions creatine 
IS excieted in abnoimal amounts in the unne However, by the use of iodine 
the creatine defect can be abolished m Graves’ disease but not m muscular 
dystiophy 01 myasthenia gravis Furtheimoie, the cieatinuna of thyro- 
toxicosis IS completely conti oiled following thyioidectomy 

It has seemed to us woith while to call attention again to the so-called 
masked hypei thyroidism, since the diagnosis of this foim of the disease not 
infrequently passes unrecognized 


CASE REPORTS 


Case I — A F , male, age 60, was seen for the first time February 25, 1939 His 
mam complaints were weakness, considerable loss of weight, precordial pain, and dyspnea 
on exertion These symptoms began about a year and a half ago and became progres- 
sively more marked The weakness progressed to the stage where he found it difficult 
to walk without tiring readily He lost about 12 lbs in the past three months 

His past history showed that he had been a diabetic of moderate severity for many 


years 

Examination showed the patient to be thin, almost emaciated, weighing 114 lbs 
There was no exophthalmos The neck was not enlarged and there was no evidence of 
an enlarged thyroid gland The lungs were clear The heart was not enlarged to per- 
cussion, but it had a rate of 116 to 120 There was also a short systolic murmur at the 
apex Blood pressure 155/60 The abdomen and the extremities showed no abnormal 
findings The reflexes were normal 

Gastro-intestinal and chest roentgenogi ams were entirely negative The electro- 
cardiogram did not show any remarkable changes The urine showed a trace of sugar 
The blood sugar was 155 and the cholesterol 250 mg per cent The blood CO„ com- 
bining power was 54 i per cent 

It was oui impression that we were dealing here with a case of masked hyperthy- 
roidism, 1 c , the hyperthyroidism was masquerading as a cardiac and/or some form of 
malignancy 


A basal metabolism determination w'as then made, which showed plus 50 
The patient W'as put to bed and given a high carbohydrate diet and insulin He also 
recened Lugol’s solution, 10 minims three times a day Within a relatively short time 
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he showed definite impiovement He began to gam weight and felt stionger There was 
also a slowing of his heart rate with cessation of the piecordial pain 

On May 23, 1939 he had a subtotal thyroidectomy performed The pathologic 
diagnosis was that of colloid goiter suggesting the stage of regression m response to 
iodine therapy Suggestion of previous toxicity was seen m one lobule 

The operation was followed almost immediately by very rapid and progressive im- 
provement m his condition 

Examination on June 26 showed him to appear well nourished, with a weight o^ 
138 His heart rate was 78 His blood pressuie, however, remained elevated at 170/80 
His diabetes was well under control His basal metabolic rate was now plus 3 He 
had a sense of geneial well-being, and was entirely free from any symptoms His present 
weight IS 148 

Comment — In this patient the outstanding symptoms weie progiessive 
weakness and loss of weight, precordial pain, and dyspnea On examination 
there weie none of the sti iking signs of hypeithyioidism except perhaps for 
a model ate tachycaidia He t\as foi a long time considered to be a diabetic, 
complicated by coionaiy aiteiy disease Latei in the cotiise of his disease, 
m view of his peisistent weight-loss, some foim of malignancy was sus- 
pected This was ruled out by radiogiaphic studies Indeed, the piogiessive 
asthenia and weight-loss in addition to the modeiate tachycardia led to the 
diagnosis of h)'peithyioidism This was subsequently confirmed by the high 
basal metabolic rate and the therapeutic 1 espouse to iodine medication Fol- 
lowing thyioidectomy, theie was a complete lecoveiy 

Case 2 — E S , female, age 36, was admitted to Bellevue Hospital, March 31, 1939, 
with a complaint of “thumping of the heart” of two weeks’ duration The attacks would 
come on suddenlj and were accompanied by cold sweats and a feeling of precoidial dis- 
comfort The episodes were usually of short duration There was no djspnea, cough or 
frank cardiac pain 

Her past history showed that she had had hypertension for about cigbt years On 
several occasions she had symptoms refeiablc to the hypei tension, such as veitigo, head- 
aches, vision disturbances, and epistaxis 

Physical examination showed the patient to be model ately pale and somewhat appre- 
hensive Her weight was 99 lbs Tempeiature 100° F, pulse 140, respirations 20 
There was no exophthalmos The thyroid gland appeared palpable but not significantly 
enlarged The lungs were clear The heart was slightly enlarged, had a ringing aoitic 
second sound and a rapid gallop rhythm There were no murmurs The heart rate 
could not be modified by pressure on either carotid sinus Blood pressure 220/140 
There was no tremor of the hands The fundus examination shoved moderately ad- 
vanced hypei tensive vascular changes 

The diagnosis on admission was essential hypertension and hypei tensive heart disease 
It could not be definitely determined, chmcallj’-, what form of tachycaidia the patient had 

Several electrocardiograms were taken Some showed runs of paroxjsmal tachy- 
cardia of auricular origin but the majority showed a sinus tachycardia Other changes 
noted in the tracings were depression of R-T i and 2 and inversion of T i and 2 Thus, 
there was evidence of some myocardial damage 

Several urine examinations were negative except for an occasional trace of albumin 
and a moderately low specific gravity The blood chemistry was essentially normal A 
roentgenogram showed the heart to be obliquely oval and the size and shape to be within 
normal limits Roentgenograms of the kidnejs did not show any evidence of calculi or 
of polycystic disease 

An attempt was made to control the tachycardia with digitalis, quinidine and also 
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ipecac, but without any success The possibility of hypeithyioidism was, therefore, entei- 
tained Several basal metabolism tests were then made and the leadings ranged between 
plus 52 to plus 82 

It was oui impression, therefoie, that the patient had a masked form of hyper- 
thyioidism associated with essential hypertension She was, theiefore, placed on a high 
caloiic diet and Lugol’s solution On this regimen the patient showed some degree of 
improvement 

On June r, 1939, under cyclopiopane anesthesia, a subtotal thyroidectomy was per- 
formed 

The pathologic repoit on the removed thyioid gland was that of mild epithelial 
hyperplasia 

She had an uneventful convalescence and showed rapid, progiessive improvement 
Her heart rate became normal and has lemained so She has also gained 14 lbs in 
weight The basal metabolic late was reduced to plus 09 Her hypei tension, however, 
has persisted, although somewhat 1 educed 

Comment — This patient on admission appealed to be a definite case of 
essential h3^pei tension associated with h3^pei-tensive caidiopathy The taclty- 
caidia, with s3^mptoms lefeiable to it, appealed to be one of the paroxysmal 
foims Theie was nothing on admission to lead ns to suspect the piesence of 
an obscuie thyioid distuibance Howevei, when the tachycaidia failed to 
respond to medication, the piesence of an underlying hypeithyioidism was 
suspected This was confiimed by the lepeated high basal metabolism lates 
While following the Lugol legimen theie was only slight improvement, the 
postopei ative progiess was lapid and most satisfactoiy It is to be noted, 
however, that the hypei tension peisisted This was attiibuted to the piesence 
of an iiieveisible diffuse vascular disease In this connection it will be lecalled 
that Boas and Shapiio,'^ in 1925, lepoited a senes of five cases presenting 
a diastolic hypertension with inci eased metabolism late and concluded that 
such cases constituted a special s3mdrome 

Case 3 — A S , female, age 59, was admitted to Sydenham Hospital, December 20, 
1939, complaining of anorexia, flatulence, cardiac palpitation, nervousness, weakness, 
weight-loss, occasional dyspnea slight swelling of the ankles, pain in the legs and arms 
and occasional sweating of the hands These symptoms have lasted with remissions for 
more than five years and have become more pronounced and almost continuous during 
the past 10 days 

On examination, the patient appeared undernourished and apathetic Her weight was 
120 lbs There was no exophthalmos and also the eye signs were negative There 
vas a slight enlargement of the left lobe and isthmus of the thyroid gland There were 
a few moist and subcrepitant rales over the bases of both lungs The heart was not 
enlarged and showed an irregular rhythm but no murmurs The liver was felt one 
finger’s-breadth below the costal border on the right side The blood pressure was 
200/60 There was a low-grade fever ranging between 99° and loi 6° F 

Examination of the urine showed a specific gravity of i 012, a heavy trace of albumin 
and an occasional hyalin and granular cast The phenolsulphonephthalein excretion was 
15 5 % in 2 houis The blood urea was 17 5j uud the cholesterol was 136 mg per cent 
The blood albumin vas 39 and the globulin 2 6 Gm per cent A roentgenogram of 
the chest showed a generalized increase in the pulmonic markings and a heart of normal 
size The electrocardiogram showed a QRS of low voltage and somewhat bizarre in the 
third lead, a depressed ST 4 segment, an inverted T 3 and auricular fibrillation The 
basal metabolic rate was plus 71 
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A diagnosis of hyperthyroidism was made and the patient was prepared for opera- 
tion On January 6, 1940, a left total thyroidectomy was performed Except for an 
attack of bronchitis, the patient’s postoperative course was uneventful The blood pressure 
dropped to 135/80 The basal metabolic rate, however, was still plus 45 

The pathologic report on the specimen removed at operation was “microfollicular 
nodular goiter with degenerative changes ” 

The patient was readmitted to the hospital, Apiil 28, 1940, for the purpose of operat- 
ing upon the right side Her general condition at that time was quite good Two days 
later, five-sixths of the right lobe of the thyroid gland was removed 

The pathologic report on this specimen was “colloid involution stage of the thyroid ” 
A follow-up examination, September 16, 1940, showed the patient to be in excellent 
condition Her weight was now 146^2 lbs The heart showed a regular sinus rhythm 
and a rate of 78 Blood pressure 150/90 The basal metabolic rate was plus 6 

Comment — This patient was a typical example of the apathetic hyper- 
thyroidism, as desciibed by Lahey® The outstanding complaints were weak- 
ness and weight-loss and s3''mptoms ref ei able to her heait She was distinctly 
undernourished, and appeared apathetic Theie was auricular fibrillation 
associated with congestive heart failure These symptoms did not respond 
to the usual measures These facts suggested an undei lying thyrotoxicosis 
There was also evidence of impairment of her kidneys which was unrelated 
to her thyi otoxicosis The maiked impiovement in her condition and the 
relief of symptoms following operation were stiikmg 

Case 4 — A A , female, age 52, seen for the first time March 7, 1934, complained 
of cardiac palpitation, a “shaky feeling,” shortness of breath and episodes of epigastric 
pain associated with vomiting of two years’ duration She was hospitalized several times 
during that period for purposes of observation but no definite diagnosis was established 
Physical examination showed a poorly nourished female, appearing apathetic Weight 
120 lbs There was no exophthalmos A small nodule W’as felt in the right lobe of the 
thyroid gland The heart showed a slight enlargement to the left, a legular rhythm, and 
a rate of 96 Blood pressure 150/80 The lungs w'ere clear There w'as moderate tender- 
ness in the epigastiium but no masses w'ere felt There was no tremor of the hands 

The basal metabolic rate w'as plus 38 A gastro-intestinal senes, done previous!}', 
was reported to have shown hypermotility but no definite evidence of organic disease 

A diagnosis of hyperthyroidism was made and on March 3, a subtotal thyroidectomy 
W'as performed 

The removed specimen showed dilated acini lined by pale, cuboidal epithelium and 
filled with colloid A few of the acini show'ed mild hypei plastic changes In places, 
there was a mild lymphocytic infiltiation 

Her recovery was uneventful, and she was discharged March 12, 1934 
She has been followed periodically during the past six years, during which period 
she has been in excellent health and entirely symptom-free She has gained 24 lbs 
in weight Her heart rate is 76, and the basal metabolic rate varies from minus 10 to 
plus 4 Her blood pressure has remained 150/80 

Comment — We considered this case also one of apathetic hyperthyroidism 
masquerading as a gasti o-intestmal disease There were, howevei, symp- 
toms suggestive of impaired myocardial function The persistent moderate 
tachycaidia along with a small palpable nodule 111 the thyroid gland led us to 
suspect the possibility of a thyrotoxic factoi Except for the persistence of 
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the moderate hypei tension, she has remained in excellent health following the 
operation 

Case 5 — M R , female, married, age 56, when seen on February 2, 1940, complained 
of “nervous stomach,” gas eructations, a smothering sensation and fainting spells of two 
years’ duration There was also cardiac palpitation, and loss of 15 lbs in weight 

Examination revealed a poorly nourished female, appearing older than her age Her 
weight was III lbs The eyes were entirely normal The neck showed an adenoma 
of about 2x3 cm in the left upper lobs of the thyioid gland, which had never been 
noticed by the patient This was completely hidden under the sternocleidomastoid 
muscle The heart was not enlarged, and showed a legular rate of 100, and a faint 
systolic murmur at the apex The liver was felt one finger’s-breadth below the costal 
margin Blood pressure 140/70 There was no tremor of her hands or tongue 

The electrocardiogram showed a regular sinus rhythm, a rate of no and no other 
abnormalities Urine Specific gravity i 024, a faint trace of albumin, and 03% sugar 
The basal metabolic late was plus 26 

The moderate tachycardia, the weight-loss, and the presence of a small thyroid 
nodule suggested the diagnosis of thyi otoxicosis Following the usual preoperative treat- 
ment, a subtotal thyroidectomy was performed on February 23 

The pathologic report showed a hyperplastic thyroid with colloid changes, piobably 
due to iodine medication 

She made an uneventful recoveiy At the time of hei discharge on Febiuary 29, her 
weight was 120 lbs , the heart rate 78, and the basal metabolic rate minus 10 

A follow-up, May 31, 1940, showed the patient to be symptom-free Weight was 
128 lbs , heart rate 80 The blood pressure remained unchanged, and her urine has 
been sugar-free since operation Her blood sugar was 150 mg per cent 

Comment — This pooily nourished and senile-appeanng patient was an 
instance of hypei thyroidism masked as a case of diabetes mellitus associated 
with neivousness The presence of hyperthyioidism was suggested by the 
moderate tachycardia, weight-loss, and a thyroid nodule There was a com- 
plete leversal of hei symptoms following proper theiapy 

Case 6 — S C , male, age 58, entered Bellevue Hospital, May 9, 1939, complaining 
of pain over his precordium and left chest in the region of the scapula, pain over the 
lower back, weakness and cardiac palpitation of two weeks’ duration These symptoms 
became progressively more marked 

Examination revealed a well-developed, well-nourished, middle aged man There 
was no enlargement of the thyroid gland The lungs were clear The heart was not 
enlarged, had sounds of good muscular quality, regular sinus rhythm, and a rate varying 
from go to 120 Blood pressure 156/92 The impression was that the patient had arterio- 
sclerotic heart disease 

The electrocardiogram showed severe myocardial changes suggestive of infarction of 
the posterior basal portion of the left ventricle 

The patient was treated with bed rest and digitalis After a period of three iveeks 
he left the hospital contrary to the advice of the staff 

The patient was readmitted to the hospital June 7, 1939 His complaints were similar 
to those of his first admission , namely, severe pain over the precordium and also pain 
in the back and marked weakness In addition, he noted, also, swelling of his ankles 

Examination now showed an emaciated, white male, appealing chronically ill He 
was extremelv restless and uncooperative There was definite dyspnea, orthopnea and 
moderate cjanosis There was no enlargement of the thyroid gland, no exophthalmos 
and no tremor of the tongue or hands There was, however, bilateral ankle edema The 
lungs showed numerous moist rales at both bases The heart showed ^ery distant 
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sounds, had a regulai ihythm and a rate of 124 Blood pressure 124/76 It was felt that 
the patient had a severe form of arteriosclerotic heart disease The marked emaciation 
and the tachycardia suggested also the possibility of a hyperthyroidism 

The basal metabolic rate was plus 117 The blood chemistry showed a cholesterol 
of 148, sugar 87, nonprotem nitrogen 39, and uric acid 3 mg pei 100 cc A roentgenogram 
of the heart did not show any enlargement Ihe electrocardiogram showed a sinus 
tachycardia and evidence of moderate myocardial damage 

After 15 days’ preparation a right hemisubtotal thyroidectomv was performed, 
June 28, 1939 There was a decided improvement in the clinical condition following this 
operation 

On July II, 1939, a left lobe subtotal thyroidectomy was peiformed His post- 
operative course was uneventful, and his improvement progressive There was a com- 
plete change in the clinical picture The patient gained weight, was cheerful and co- 
operative The basal metabolic rate was now plus 12 He was discharged, August 13, 
1939. in excellent condition, having gained 27 lbs 

The pathologic diagnosis of the right lobe was a hvperplastic goiter and the left lobe 
was that of a colloid goiter with a few intravesicular papillary projections 

Comment — While it is 0111 feeling that this patient undoubtedly had some 
myocardial damage suggestive of a posteiior basal infaict he suffered also 
fiom a sei^ere foim of thyi otoxicosis His failuie to lespond adequately to 
bed rest and digitalis, the emaciation and peisistent tachycaidia suggested a 
diagnosis of hypeithyioidism, which was confirmed by the unusually high 
basal metabolic late It is to be noted, also, that m this instance the cholesteiol 
w^as markedly 1 educed The thyi otoxicosis unquestionably increased the 
severity of the associated heart disease The patient’s lecovery folloiving 
operation was little shoit of astounding 

Case 7 — B S , male, age 62, when seen, April 2, 1932, complained of abdominal 
pain, slight dial rhea of eight months’ duration For the past month he also had pre- 
cordial pain, and had lost 16 lbs The abdominal pain which was localized m the 
epigastrium, would occur about one houi after eating and was relieved bj^ food 

Physical examination revealed an elderlv, undernouiished apathetic patient, appearing 
chronicallv ill There was no exophthalmos but a slight stare The isthmus of the 
thjroid gland was palpable The lungs showed moist rales at both bases The heart was 
not enlaiged and had a rapid irregular rhythm There were no murmuis There w'as 
a pulse deficit of 24 Blood pressure 110/60 The abdomen w'as shghtlj distended and 
show'ed maiked tenderness in the epigastrium The liver edge was felt twm fingers’- 
breadth below the costal margin Theie w'as pietibial edema 

The electrocardiogram showed auricular fibrillation A roentgenognin of the gastro- 
intestinal tract show'ed a persistent deformity of the duodenal bulb, indicative of duodenal 
ulcer 

The patient w'as put on an ulcei regimen, and he improved promptly The abdominal 
pain disappeared and the diarrhea stopped He also gained several pounds in weight 
This improvement, however, was onlv' temporary, and within two months, most, if 
not all, of his original symptoms returned He dev'eloped m addition a severe cough 
productive of blood-streaked expectoration 

During the following two years the clinical course was pi ogressively downward with 
an occasional remission in his sjmptoms In vnew of his asthenia, weight-loss, and cough 
with blood-streaked sputum, it was deemed advisable to investigate the patient from the 
standpoint of pulmonary tuberculosis Accordingly, he was hospitalized for a peiiod of 
three weeks The physical findings were essentially those previously recorded 

Gastro-mtestinal roentgenograms showed, now, overactivity of the duodenal cap but 

190 



Yolumciis MASKED HYPERTHYROIDIS^I 

dumber i 

not a pel sistent defect This suggested the possible presence of a duodenal ulcer but was 
not conclusive The roentgenogram of the lungs suggested the presence of a small 
amount of infiltration in the light apex and of old tuberculous emph3^sematous bullae m 
both upper lobes and diaphragmatic adhesions on both sides The sputum was negative 
for tubercle bacilli Two basal metabolic rate tests showed plus 26 and plus 36, 
respective!}' 

It was thought, now, that the patient had hyperthyroidism, and that this was respon- 
sible for his symptoms of asthenia, weight-loss, epigastric pain and congestive heart 
failure with auricular fibrillation which failed to respond to digitalis Following a 12- 
day period of preparation with Lugol’s solution, there was a marked improvement in all 
his symptoms 

On March 3, 1934, a subtotal thyroidectomy was performed Prompt impiovement 
followed operation At the time of his discharge from the hospital, Maich 27. he was 
svmptom-free and showed a gain in weight of 5 lbs His heart showed a regular sinus 
rhythm and a rate of 72 The basal metabolic rate W'as plus 8 

The pathologic diagnosis of the lenioved gland w'as colloid adenoma of the thyroid 
gland w'lth several scattered aieas of typical hypeiplasia w'lth mtravesicular papillary 
projections 

Comment — The patient duimg the diffeient stages of his clinical course 
ivas consideied to have peptic ulcer, piilmonaiy tuberculosis and heart disease 
Not onl}^ the clinical findings but also the laboiatoiy data supported, to a cer- 
tain extent, these various diagnoses Indeed, it lequiied lepeated loentgeno- 
giaphic studies to lule out the piesence of duodenal ulcei and of active pul- 
inonaiy tubeiculosis Persistence of his asthenia, of his epigastric pains, and 
the weight-loss, in addition to the auiicular fibi illation and congestive heait 
failuie, wdiich failed to lespond to digitalis, suggested, finally, the diagnosis of 
hypei tliyi oidisin This }vas confiimed by a moderate inciease in his basal 
metabolic late and a definite impiovement following Lugol theiapy Opera- 
tion lesulted in a complete, peimanent lecoveiy, with a total disappeai aiice of 
all gastvo-intestinal and caidiac symptoms 

Case 8 — M C , female, age 35, seen for the first time June 22, 1939, complained of 
cardiac palpitation, consideiable loss of w'eight, sw'elling of the feet, slight cough, occa- 
sional hemoptysis, and epistaxis of tw'O years’ duration At one time during this period 
tuberculosis w'as suspected but w'as ruled out by the negative physical findings, negative 
sputum and negative 1 oentgenologic studies 

Phjsical examination show'ed an emaciated young female, appearing chronically ill 
Thcie was no exophthalmos The isthmus of the thyroid w'as just barely palpable but 
theie W'as no discernible enlargement of either lobe The lungs show'ed moist rales at 
both bases The heart w'as not enlarged to percussion, had a regular rhythm and a rate 
of 120 Theie w'ere no murmurs The liver w'as felt tw'o fingers’ -breadth below the 
costal margin and was slightl} tender There was slight pietibial edema The hands 
wcie not moist and show'ed a ver} slight tremor Blood pressure 180/100 Fluoroscopy 
show ed the lungs to be clear and the heart to be of normal size and shape There w'as no 
evidence of a substernal goiter 

A diagnosis of h} perthyroidism was made and the patient w'as hospitalized Fol- 
lowing IT da} s’ preoperative therap} with bed rest, high calor} diet and Lugol’s solution 
a definite impio\ement occurred On Juh 4 1939, a subtotal thT roidectonn was pei- 
formed The postoperatu c course was uneventful The patient was discharged Jub 12, 
1939. in excellent condition 
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The pathologic diagnosis of the thyroid removed at the operation was hyperplastic 
goiter 

A follow-up examination, August 14, 1939, showed the patient to be symptom-free 
Her weight was 123 lbs The heart late was 78 and the blood pressure 140/70 The 
basal metabolic rate was minus 13 

Comment — In this case the diagnosis of pulinonaiy tubeiculosis was en- 
tertained for awhile, because of the hemoptysis and persistent weight-loss 
This diagnosis, howevei, was definitely ruled out by sputum examination and 
loentgenogiaphic study of the lungs Subsequently, the patient presented 
symptoms of congestive heart failure In the absence of pulmonary tubercu- 
losis, the presence of tachycai dia and weight-loss led to the diagnosis of hyper- 
thyroidism Relief lesulted after a diagnosis had been established from the 
administi ation of Lugol’s solution and thyroidectomy 

Case 9 — Z J , female, age 65, when first seen April i, 1932, complained of non- 
productive cough, dyspnea, substernal distress, cardiac palpitation and weakness of one 
3'ear’s duration She had been, also, a mild diabetic of many vears’ standing 

Physical examination revealed a small, faiily well-nourished elderly female, weighing 
126 lbs The eyes showed no exophthalmos The thyroid gland was neither enlarged 
nor palpable The lungs were clear The heart was not enlarged to percussion and had 
no murmurs The rhythm was regular and the rate was 88 Blood pressure 140/80 
Urine Specific gravity i 020, negative for albumin and sugar Blood sugar too mg per 
100 cc 

She was kept under observation for a period of two 3 ears, during which time the 
clinical picture remained unchanged 

On May 31, 1934, she complained of progressive weakness and moderate weight-loss 
Pulse 96, blood pressure 170/70 Weight iii lbs The urine showed i 5% sugar, 
blood sugar 150 mg per cent A roentgenogram of the chest showed a small substernal 
goiter The basal metabolic rate was plus 66 This established the diagnosis of hyper- 
thyroidism 

Following iodine therapy, the patient showed a gam of 3 lbs m weight, a drop 
of pulse rate to 78, and blood pressure 140/80, and a reduction in the basal metabolic rate 
to plus 38 

A subtotal thyroidectomy was performed June 13, 1934 Except for the development 
of auricular fibrillation which lasted eight da3's, her postoperative course was smooth, 
and her recovery was complete 

The pathologic report on the removed specimen was adenoma of the thyroid gland 
with moderate hyperplastic changes and vesicles filled with colloid The diagnosis was 
toxic adenoma 

When followed up, July 26, 1936, the patient was in excellent condition Her weight 
was 130 lbs, the heart was regular and had a rate of 78 Blood pressure 110/60, 
basal metabolic rate minus 10 Blood sugar 120 mg per 100 cc , and the urine was 
sugar-free 

Comment — This is an instance of hyperthyroidism masquerading as dia- 
betes melhtus, associated tvith angina pectoris While progiessive weakness 
in the presence of diabetes of only moderate severity aroused some suspicion, 
the diagnosis of hyperthyroidism was not seiiotisly considered until a sub- 
sternal goiter was discovered roentgenologically Thyroidectomy resulted in 
maiked improvement in the clinical picture including the diabetic state 

Case 10 — O U, female, age 66, when seen, March 9, 1940, complained of dizzy 
spells, weakness, cardiac palpitation and orthopnea of three years’ duration There was a 
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slight loss of weight These symptoms were aggravated during the past month, following 
an attack of grippe Her past history revealed that she had had hypertension since 1929 
In 1938 she was tieated foi cardiac decompensation 

Physical examination showed a well-developed female, model ately emaciated and 
dyspneic Hev weight was 116 lbs There was no exophthalmos On palpation of 
the thyroid gland one could feel the isthmus and a small nodule of about 2 cm in 
diametei in each lateial lobe The heart was enlarged to the left, had an irregular 
rhythm and a rate of about 120 There was a pulse deficit of 22 The aortic second 
sound was maikedly accentuated A loud systolic murmui was heard all over the pre- 
coidium Blood pressure 204/120 Ihe liver was tender and was palpable three fingers’- 
breadth below the costal border Thei e was no tremor 

The blood cholesterol was 200 mg per cent The basal metabolic rate was plus 58 
The electrocaidiogram showed left axis deviation but no othei striking changes The 
urine was essentially negative 

A diagnosis of hyperthyroidism was made The patient was hospitalized, March 10, 
1940, and was tieated for 12 days with Lugol’s solution The basal metabolic rate 
diopped to plus 22 

On March 21, a subtotal thyioidectonij^ was performed Her convalescence was 
uneventful and hei recoveiy complete 

The pathologic diagnosis was toxic adenomata with colloid changes 
A check-up on September 21 , showed a regulai heart 1 ate of 80 and a blood pressure 
of 160/100 Weight 13s lbs Basal metabolic late plus 6 She had, now, a glycosuria 
and a blood sugar or 197 mg per cent 

Comment — This case lepiesents the typical thyiocaidiac in which symp- 
toms of myocatdial failuie weie piedomuiant The piesence of thyi otoxicosis 
was entei tamed because of the weakness, weight-loss and the lapid inegular 
rhythm suggestive of auiiculai fibrillation The symptoms were entiiely re- 
lieved by a compound solution of iodine and thyroidectomy It is to be noted 
that the 11 regular rhythm which appealed to be that of auricular fibrillation 
cleared up following The admmistiation of iodine Unfoitunately, no electro- 
caidiogiam was made of the arrhythmia Although theie w^as a temporary 
improvement m the hypertension, it did not persist This is not uncommon, 
as has been pointed out by Boas and Shapiro It is to be noted, also, that 
diabetes occuiied following thyioidectomy The significance of this is difficult 
to deteimine 

Case II — G W, female, age 39, when fiist seen June i, 1938, complained of 
thumping in the head and pain in the back of the neck, neivousness, cardiac palpitation 
and precordial pain of thiee months’ duration There was also a considerable loss of 
weight ovei a period of several years, from 161 to 128 lbs 

Physical examination revealed a fairly well-noui ished female who did not appear 
chronically ill The eyes showed no exophthalmos The thyroid gland was slightly 
enlarged and smooth The heart was not enlaiged, had a noimal rhythm and a rate of 90 
Blood piessure 150/90 The lungs weie cleai There was no tremor Basal metabolic 
rate plus 33 

A diagnosis of hyperthyroidism was made and the patient was hospitalized, June 
15, 1938 Following an eight-day period of pieparation with Lugol’s solution, the patient 
^^as anesthetized with avei tm-cyclopropane anesthesia which resulted in an acceleration 
of the heart rate to 130 and an iriegulai rhythm The opeiation was, therefore, deferred 
Following thiee more days of pieparation, a subtotal thyroidectomy was performed 
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The patient made an uneventful recovery and was discharged fiom the hospital, June 30 
1938, at which time hei heart rate was 72, and the blood pressuie 120/70 She was 
entirely symptom-free 

Pathologic examination of the glandular tissue removed showed acini with fiank 
hypei plastic changes There was an unusual degiee of lymphatic infiltration, both 
diffusely and in aggiegations The findings weie those of mixed hyperplastic and colloid 
goitei 

A follow-up, March 8, 1939, showed the patient to be m excellent condition and 
entiiely free from symptoms Weight 138 lbs , heart rate aiound 70 Basal metabolic 
rate minus 5 

Comment — This case is an example of hypei thyioidism lesemblmg a 
neuiesthenic state Indeed, it would have been difficult to attribute hei 
symptoms definitely to thyrotoxicosis if it weie not foi the veiy decided im- 
piovement which followed the use of Lugol’s solution, and paiticulaily aftei 
thyi oidectomy 

Case 12 — M 0 , male, age 55, when seen, October 19, 1940, complained of anorexia, 
loss of 40 lbs in weight, and diarrhea of six weeks’ duration There were also attacks 
of abdominal colic, and on a few occasions episodes of vomiting There was occasional 
caidiac palpitation His previous history vas entirely negative 

Examination showed a well-developed male, looking rathei chronically ill There 
was no exophthalmos and, indeed, the eyes seemed sunken m appearance The thyroid 
gland could not be felt The heart was not enlarged, had a regular rhythm and had a 
rate of 88 There was a short systolic murmur at the apex The lungs weie entirely 
deal The abdomen was scaphoid and presented no masses There was, however, some 
tenderness m the epigastiium The liver and spleen were not felt The hands showed a 
very fine tiemoi Weight 156 lbs Blood pressure 150/90 

The gastio-mtestinal senes was entirely negative Ihe basal metabolic rate was 
plus 48 A definite diagnosis of hyperthyroidism was made The patient was then 
prepared for operation by administering Lugol’s solution from October 29 to November ii 
Following this regimen his weight incieased to 165 lbs, the dianhea stopped, and his 
appetite improved 

On November 13, 1940, a subtotal thyi oidectomy was pei formed His recoverj was 
uneventful, and he w'as dischaigcd from the hospital, November 20, 1940 

The pathologic diagnosis of the removed gland w’as mixed hyperplastic goiter 

Comment — This lepiesents a case of thyi otoxicosis masked as some foim 
of gasti o-mtestmal disease No pathology m the gasti o-mtestinal tract ivas 
found 1 oeiitgenologically The piesence of a fine tiemoi of the hands led us 
to suspect hypei thyroidism as the cause of his gasti o-intestmal manifestations 
Piompt and marked impiovement followed the employment of Lugol’s solution 
and thyi oidectomy 

Comment — The teim masked hyperthyioidism applied to this series of 
patients connotes that the evidence of thyi otoxicosis is obscuied by symptoms 
and signs of othei clinical entities As shown in Table I, the usual obvious 
signs and S3nnptoms of toxic goitei w^eie not piesent at all, 01 only to a 
slight degiee For purpose of classification the cases fall into gioups depend- 
ing upon the clinical entities wdiich thej'^ lesemble This gioupmg is showm in 
Table II In most instances the patient presented more than one clinical 
pattern 
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Table 11 

GROUPING ACCORDING TO SIMULATED ENTITIES 

SimuHted Diseases Number of Cases 


I 

Heart diseases 

9 

II 

Gastro intestinal disturbance 

4 

in 

Diabetes mellitus 

3 

IV 

Hypertension 

2 

V 

Neurosis 

2 

VI 

Pulmonary tuberculosis 

2 


By fax the lai gest and most impoi tant gi oup was that in which there was 
piesent a clinical picture of some ciiculatoiy disorder, namely, congestive 
heart failure, auiicular fibrillation, tachycardia, or angina pectoris Nine of 
our patients showed symptoms and signs of cn dilatory disorder The most 
frequent symptom was caidiac palpitation, being noted in seven instances 
Definite signs of congestive heait failuie weie present m five of the cases 
Dyspnea was the outstanding symptom in five instances Four of the patients 
presented an anginal syndrome Auriculai fibrillation was noted in three 
instances In one patient marked tachycardia was the outstanding symptom 

Two of the patients (Cases 3 and 7) with congestive heart failure and auric- 
ular fibrillation showed a sti iking degree of apathy They weie similar to the 
group of cases, “Apathetic Hyperthyroidism,” desciibed by Lahey ® Undoubt- 
edly, the patients with congestive heait failure, with or without auricular 
fibrillation, had preexisting 01 game heart disease, largely of the arterio- 
sclerotic type It is OLii belief, also, that the patients with angina pectoris 
suffered from pathologic heaits on the basis of coionary artery disease 
Indeed, 111 one case (Case 6) with congestive heait failure and angina, definite 
signs of myocardial infarction weie noted in the electiocaidiogram As 
pointed out by Hamburgei and Lev,”^ these cases might be regarded as in- 
stances of latent angina pectoris, m whom the thyrotoxicosis served to conveit 
then latent angina to an active one because of the burden it imposes 

In foul instances the patients presented symptoms referable to the gastro- 
intestinal tract These included anoiexia, vomiting, abdominal pain and 
diarrhea The additional symptoms of weight-loss and asthenia in two of 
the cases suggested a diagnosis of some form of gasti o-intestinal malignancy 
In one instance the diagnosis of peptic ulcei was entertained because of the 
definite time relationship of the pain to meals and relief by food Indeed, in 
this case the roentgenogiam showed hypei peristalsis of the duodenum but no 
persistent defect It should be noted that subtotal thyioidectomy completely 
relieved these various complaints 

In three instances the hypei thyroidism was masked by diabetes melhtus, 
which was only of model ate severity and persisted even after thyioidectomy 
In this connection it should be noted that there is a definite disturbance of car- 
bohydrate metabolism in about 3 5 per cent of the cases of hyperthyroidism 
This disturbance bears no relation to the severity of the hyperthyi oidism 
The storage mechanism of glycogen in the liver appears to be impaired 
However, it is not the liver alone which is responsible for the carbohydrate 
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metabolism disturbance, for when the patient recoveis fiom the hypeithyroid- 
ism, he still lemanis a diabetic 

The usual form of hypei tension found in hypei thyi oidism is a moderate 
elevation of the systolic without a coi responding rise m the diastolic pressuie 
There aie, however, instances with pionounced elevation in both systolic and 
diastolic pressures In these cases an undei lying hyperthyroidism may be 
entirely obscured by the hypei tension, which, as a lule, persists even after 
thyroidectomy This was observed m two of oui cases (Cases 2 and 10) It 
IS probable that these patients have an associated essential hypei tension or 
some form of diffuse vasculai disease In this connection, it will be recalled 
that Boas and Shapiro^ legaided a gioup of cases of hypei thyi oidism with 
diastolic hypei tension as a special syndiome to be distinguished fiom the 
oidmaiy form of hypertension and fiom exophthalmic goiter 

Hyperthyroidism associated with symptoms of neurasthenia or symptoms 
suggesting pulmonaiy tubeiculosis, was moie difficult to lecognize In these 
instances a long pei lod of clinical observation and careful evaluation of sugges- 
tive signs made the diagnosis possible 

While these various types of masked hyperthyroidism are the only ones 
that we have encounteied, there are, undoubtedly, othei forms which with 
further study will come to light We have alieady leferied to a group which 
masquerades as piogiessive muscular dystrophy 01 myasthenia gravis As 
emphasized by Hambuigei and Lev,'' these cases of masked hyperthyroidism 
“aie impoitant because of the difficulty of recognizing them, because of their 
fiequency and, pai ticularly , because of the brilliant results that aie obtainable 
by collect diagnosis and tieatment 

Summary and Conclusions 

(1) We have piesented a senes of 12 cases of masked hypei thyroidism, 
dividing them into gioups depending upon the clinical entities which they 
resemble 

(2) Gieat emphasis was laid on the impoitance of bearing in mind the 
possibility of thyiotoxicosis wdien a patient piesents an atypical clinical picture 
of some othei type of disease, particularly 01 game heart disease, with or wuth- 
out congestive heart failuie, angina pectoris 01 auricular fibi illation, diabetes 
mellitus, hypei tension, some foim of gastro-mtestinal disturbance, or a 
psychoneuiosis 

(3) It was pointed out that the diagnosis of masked hypei thyi oidism, m 
addition to the points mentioned, was based on ceitain suggestive signs and 
sjmptoms as peisistent moderate tachycaidia, unexplained W''eight-loss, an 
inciease in the basal metabolic late, improvement or lelief of symptoms, de- 
crease in the basal metabolic late followung iodine medication and thyroidec- 
tomy, and. finally, the histologic lepoit of the removed gland 

(4) We have stressed the impoitance of lecognizing this frequently mis- 
diagnosed group of cases because of their relative frequency and particularly 
because of the brilliant results that follow'^ suigical treatment 
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FOREWORD 

A FRANK, detailed, honestl}^ compiled piesentation of lesults in a faiily 
standardized surgical proceduie is a most wholesome exercise for any surgeon, 
but particulaily advantageous for the young surgeons in training As stated 
by the authors, most of the thyroidectomies included m this series were per- 
formed by the resident surgeons, whose periods of training before their resi- 
dency ranged from three to five years 

The survey, conducted carefully over a period of years, disclosed a very 
definite improvement in moitality and morbidity in the latter half of the senes, 
an improvement which may well be attributed to the application of lessons 
learned from a critical analysis of current experiences, from which all mem- 
bers of the staff benefited Such studies should be included as pait of the 
legulai tiainmg of the lesident staff 

There have been i datively few repoits of the end-results of thyroidectomy 
fioni nonendemic goiterous legions We wish to piesent the results obtained 
in 341 consecutive patients operated upon foi disease of the thyioid m the 
Clinic Seivice of the Stanfoid University Hospital The shoitest peiiod of 
obseivation is six months, and the longest 13 yeais Particular attention was 
paid to a study of the postoperative complications 

The types of cases encountered m this senes aie classified m Table I 

Table I 


CLASSIFICATION OI 

T\PES or THYROID 

DISEVSE ANALYSED 


Ijpe 

Female 

Male 

Total 

Diffuse toMc goiter 

Adenoma 

116 

41 

157 

Non toxic 

66 

12 

78 

Tonic 

69 

6 

75 

Colloid goiter 

15 


IS 

Chronic thyroiditis 

7 


7 

Tuberculosis 

Neoplastic 


I 

I 

Benign (fibroma) 

I 


I 

Carcinoma 

3 

3 

6 

Lingua! 

I 


I 


— 



— 

Totals 

27s 

199 

63 

341 
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Pi copei aHve Ti eatment — All of the patients with hyperthyroidism, either 
mild or seveie, were admitted to the Medical Seivice for preparation before 
suigery Patients in whom there was no evidence of hyperthyroidism were 
usually admitted diiectly to the Surgical Service On the Medical Seivire 
a faiily standardized ti eatment was instituted, the mam variation being its 
duiation befoie opeiation Bed lest, pieferably in a room apart from the 
ward, was imposed A high caloric (3,500 caloiies daily) high vitamin diet 
was administered, supplemented by vitamin concentiates Fluids were given 
as desiied except two hours before opeiation when 1,000 cc of 10 per cent 
glucose in noimal salt solution was administered intravenously One-half 
gram of phenobarbital was given loutinely three or four times daily Any 
patients showing signs of caidiac failure weie treated accordingly Iodine 
(in some form) was given to all toxic patients, b}'- fai the most common 
prepaiation being Lugol’s solution, ten diops tin ice daily The period over 
which this treatment was kept up vaiied fiom ten days to one month Theie 
was no evidence that continuation of the ti eatment foi moie than ten days to 
two weeks brought on “iodine escape,” and in a few of the patients who did not 
do so well postopeiatively we thought the amount of iodine inadequate 
The patients who had been tieated with iodine mteimittently or who had 
had iodine continuously foi a long time prioi to hospital entry usually did not 
lespond as well as those who had had no iodine, and consequently a longer 
peiiod of bed rest before opeiation was requned 

The basal metabolic late was detei mined on entry before treatment was 
started and every few days thereafter until the opeiation was performed 
Blood, in me, stool and Wasseimann reaction weie studied A roentgeno- 
giam of the chest was made to show the size of the heart, the condition of 
the lungs, and the possible piesence of a substeinal thyroid Electrocardio- 
giams were taken lOutinely Determinations of the blood cholesterol weie 
made routinely at first, but recently were omitted, because the information 
obtained was not very helpful Studies of the cieatine and creatinine in the 
urine seem to be of more value The laiynx was loutmely examined before 
operation to note the motility of the vocal coids 

The criteria of improvement and of leadiness of the patient for operation 
were (i) The decrease or disappearance of the patient’s symptoms, (2) the 
lowering of the pulse late, and (3) the loweimg of the basal metabolic rate 
There was no limit set to which the pulse late and basal metabolic rate must 
fall, but it was not until both of these had dropped to a stationary level and 
remained there for seveial days that the patient was considered ready for 
operation 

OpeiattveTechmc — Silk technic, without diainage, has been employed 
since 1925 m all operations pei formed undei the supervision of Dr Emile 
Holman In most of the adenomata, mildly toxic 01 nontoxic, a subtotal 
thyroidectomy was performed, leaving a fairl}'^ liberal portion of the gland 
Subtotal thyioidectomies, leaving only a very small portion of the gland, were 
undertaken in the toxic, difiuse goiteis and m the severely toxic adenomata 
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The majority of the thyi oidectomies weie peifoimed by the resident 
surgeon, some of the more seiiously toxic patients being opeiated upon by 
the staff Twenty-three surgeons operated upon these patients during this 
period 

The technic of subtotal thyroidectomy as used m most of the cases was 
that taught the resident surgeon by the visiting staff, and consisted sub- 
stantially as follows The anesthesia employed m practically all cases was 
nitious oxide and oxygen, preceded m recent cases by avertni Seveial 
cases weie opeiated upon entiiely under local anesthesia supplemented oc- 
casionally by avertni 

A short, low incision was made in the folds of the skin 2-3 cm above the 
supi asternal notch The incision was earned through the skin, and platysma 
muscle The bleeding points weie tied with fine silk The upper flap was 
dissected to the lowei bolder of the thyioid caitilage and the lower flap to 
the manubiium A vertical incision was made in the middle ceivical fascia 
down to the isthmus 01 tiachea, the piethyroid muscle, the sternohyoid, the 
steinothyioid , and the omohyoid muscles weie leti acted laterally, the sterno- 
hyoid and sternothyroid muscles being first separated by blunt dissection 
Only rarely, in very laige glands, was it necessary to divide the middle 
cervical fascia and prethyroid muscles to obtain exposure The thyroid was 
exposed by displacing the steinothyioid muscle laterally and the extracapsular 
areolar tissue by blunt dissection The right superior pole of the gland was 
exposed , and the superior thyroid artery and vein isolated by blunt dissection 
and doubly clamped The vessels were cut between the clamps and doubly 
ligated with double medium silk The supeiior pole was retracted down- 
ward and outward, fleeing it lateially and from the trachea The middle 
thyioid vessels weie ligated and cut The infeiior thyioid vessels were ligated 
close to the gland and cut A low of hemostats was placed on the vessels 
on the lateial side of the right lobe, maiking out the amount of gland to be 
left on that side following amputation of that lobe The isthmus was divided 
The light lobe was amputated from within outward leaving a small shell of 
gland approximately 3x1x0 5 cm on the posteiior capsule 

Occasionally duiing the past two years, the vocal cords have been ex- 
amined by diiect laiyngoscopy aftei the lemoval of one lobe and at the con- 
clusion of the opeiation Tlie left lobe was then excised m a mannei similai 
to that desciibed foi the light The wound was closed without diainage 
except in laige substeinal goiters During the operation the patients le- 
ceived 1,000-1,500 cc of noimal salt solution by hypodermoclysis 

Postopci atwc Caie — The piopei caie of the patients following thyroid- 
ectomy was consideied most important After then return to the waid they 
ueie teinpoiaiily placed in a semi-Fowler position Fiequent change of posi- 
tion was stiessed For the fiist 24-48 houis they leceived 300 cc of tap 
water by lectum eveiy four houis Thirty grams of sodium bromide was 
usually given m the first and thud rectal instillations LugoTs solution, 
minims ten, vas administeied thiee times daity by mouth or in the rectal tap 
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water Morphine sulphate o 01-0015 Gm was admimsteied hypodermically 
every foui hours as needed for pain or restlessness In the severely toxic 
patients oxygen was admimsteied duimg the first 24-48 hours Usually the 
patients began to take hot water by mouth 12 houis after operation and a 
liquid diet on the second day All stitches weie lemoved on the second 
postoperative day The patients weie usually up on the fifth or sixth day 
and left the hospital on the seventh A postoperative laiyngeal examination 
was always made 

The toxic cases weie kept on Lugol’s solution, minims five, three times 
daily for foui months postoperatively to pi event too lapid regeneration of 
the remaining thyioid The patients weie followed in the Thyioid Clinic 
every month foi thiee months, then every two months foi one year and then 
eveiy six months thereafter Check-up determinations of basal metabolisms 
weie made one month postopei atively and when indicated theieaftei 

POSTOPEBATIVE COMPLICATIONS 
Tadlc II 

SUMMARY or POSTOI’ER VTIVI COMPLICATIONS 


(1) Wound 17 

(t) Infections 2 

(b) Hcmatomita 6 

(c) Serum 9 

(2) Tetmy 8 

(3) Pulmonary 6 

(4) Toxic psychoses 2 

(5) Thyroid crises 6 

(6) Burns (prep sol ) 2 

(7) Recurrences (1 goiter only) 10 

(8) Vocal cord palsies 31 

(9) Deaths S 


(1) Wound Complications — ^There ivere 17 wound complications These 
vaiied from small serum collections to infections 

(a) Two wounds were infected, one in which catgut technic w'’s 
utilized and the wound diained, and the othei 111 a patient closed with 
silk 

(b) Hematomata developed 111 six cases The hematomata weie 
aspirated or evacuated, and the time of wound healing was not pio- 
longed m most cases Postoperative hemoiihage, in two cases, was 
sufficiently severe to 1 equii e the 1 etui n of the patients to the opei ating 
room for rehgation of bleeding points 

(c) In nine cases, all closed with catgut, theie weie serum collec- 
tions requiring aspiration or drainage 

(2) Tetany — Eight patients had tetany postopei atively Six of the cases 

were mild and requiied small amounts of calcium by mouth foi fiom one to 
three weeks One of the cases of tetany was moderately severe, lequinng 
calcium and parathoimone She had a positive Chvostek for six months 
One patient had severe postoperative tetany Her blood calcium fell to 6 2 
mg per cent , and the blood phosphorus rose to 5 She re- 
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quiied pai atlioi mone and intiavenous calcium chloride Latei, it was possi- 
ble to contiol the tetany with viosteiol and calcium by mouth Two yeais 
aftei the thyioidectomy she still needs four drops of viosterol and two table- 
spoonfuls of calcium daily 

(3) Pulmonmy Comphcatwns — Six patients had postoperative pulmonaiy 
complications Two patients had atelectasis In both cases the atelectasis 
occuiied on the second postopei ative day and entiiely cleaied up in two days 
Foul patients had bionchopneumoma One of these patients died two days 
aftei opeiation 

(4) Toxic Psychoses — Two patients exhibited toxic psychoses after 
opeiation Neither had had mental symptoms prior to operation Both 
developed delusions of pei sedition rvliich entirely cleaied up within thiee 
veeks after the opeiation 

(5) Thyioid Ciises — Six patients lan stoimy postopeiative couises, 
chai actei ized by fevei, rapid pulse and lapid respiration One of the patients 
was opeiated upon m two stages, the first being a lobectomy and polai liga- 
tion She lan a stormy couise aftei each stage Each of these patients had 
high basal lates, and two of them had had previous attacks of aunculai 
fibi illation 

(6) Bums — Tw^o patients leceived mild burns upon the upper back from 
puddling of the solutions used for skin piepaiation Solutions used m these 
cases w^eie ether, alcohol and 4 pei cent tinctuie of iodine 

(7) Ream eiices — Nine patients in this series had a recurience of then 
toxic symptoms One patient, opeiated upon foi a nontoxic adenoma, latei 
developed another adenoma Five of the patients with recuirent toxic 
symptoms weie leopeiated upon wnth complete lelief of symptoms The 
patient ivith a recuiience of nontoxic adenoma declined anothei opeiation 
Thiee patients wnth mild toxic symptoms were treated with roentgenotheiapy 
wath complete lelief of symptoms One patient, wdio is mildly toxic, is being 
earned along on small doses of iodine 

(8) Vocal Cord Palsies — Routine postopeiative examination of the vocal 
coids show^ed a paialysis of one coid in 30 cases and a temporary paialj^sis 
of both colds in one case No patients have lost then voices 1101 have they 
had lespiiatoiy difficulties The patient wath the tempoiary bilateral coid 
palsy had tubeiculosis of the thyioid It w^as consideied to be carcinoma 
at the opeiation, and a ladical excision w^as pei formed The function of both 
coids returned in six months In at least seven of the unilateral coid palsies 
die function of the coid returned after four to six months 

In tAvo of the cases thyioidectomy Avas peifoimed for carcinoma and the 
lecuiient laiyngeal neive ivas delibeiately saciificed on one side Fne of 
the palsies occuned m cases of lecuirent goiter and the operation was moie 
difficult because of the scan mg 

(9) Fatalities —Five patients died dm mg or aftei opeiation, moitahty 
I ate foi all cases of i 46 per cent Three of the deaths occuned in patients 
wath h} pel plastic toxic goitei and two in patients wath toxic adenomata 
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For detailed analysis of the postoperative deaths, see the summaries at the 
conclusion of the papei In the peiiod between 1932-1939, there were 192 
consecutive thyi oidectomies without a death 

End-Results — Tables III and IV summaiize the end-results of all cases 
followed m this series 


TAni.n III 


END RESULTS 

or TH\ ROIDi:CTOM\ 

DURINC 

A 13 YHAR 

PERIOD 








Deaths 



Sex 

A* 

A Hypo’*' 

B* 

R* — 


No 

Total 






0* 

F U* 


f F 

Diffuse toxic goiter < , , 

73 

18 

9 

7 

2 I 

6 

116 

1 M 

28 

S 


I 

I 2 

4 

41 

Adenoma f F 

49 

4 

5 



8 

66 

Non toxic \ M 

8 



It 

I 

2 

12 

1 F 

Toxic <1 ,, 

41 

9 

3 

I 

I I 

13 

69 

t M 

4 




I 

I 

6 

Colloid F 

6 

3 

t 



s 

IS 

Chronic thyroid F 

4 

2 

I 




7 

Tuberculosis M 


I 





I 

Neoplastic 








Benign F 

I 






I 

i ^ 

Carcinoma v ,, 





3 


3 

t M 





3 


3 

Lingual thyroid F 


1 





I 

Totals 

214 

43 

19 

10 

S II 

39 

341 


* Key (A) — Improved In good health and able to do usuaH\ork 

(A Hypo) — Improved In good health but taking thyroid extract 

(B) — Slightly improved No recurrence of hyperthyroidism but still complaining of symptoms 
noted before operation 

(R) — Recurrence or continuation of hyperthyroidism 
Deaths — (H) — In hospital 

(O) — Sometime after leaving hospital of conditions other than those due to hyper- 
thyroidism 

No (F-U) — No follow up Patients not traced or for less than six months 
t — Goiter only 


Tabie IV 


Total cases 

341 

Total cases followed 

302 

Total toxic cases 

232 

Recurrences 

9 

Recurrence rate 

3 88% 

Total operative mortality 

I 4 <i% 

Complete relief of symptoms 

8S% 

Partial relief of symptoms 

6% 

Total cases improved 

91 7 o 


CONCLUSIONS 

(1) Of 341 patients opeiated upon for goiter during a 13-year period, 
257 are known to be improved and in good health Nineteen are improved 
but still having symptoms, without hyperth3rroidism Thirty-nine patients 
could not be followed for a sufficient length of tune to be of value in a statis- 
tical study 

(2) There weie nine recurrences in 232 patients with hyperthyroidism, 
a recurrence rate of 3 88 per cent The opeiative mortality for the entire 
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group was i 46 per cent The operative moitality in the toxic cases was 2 ii 
per cent 

(3) The most satisfactory results were obtained in those patients in whom 
a temporary hypothyi oidism was obtained A hypothyroid state is definitely 
desirable 111 patients with coionary heart disease 

(4) Paralysis of the lecuirent laiyngeal nerve can only be determined by 
routine postoperative laryngeal examinations A clear voice is no true indi- 
cation of the normal function of vocal cords The incidence of paralysis of 
one cord 111 this series is high, as disclosed by routine laryngeal examination 
Only a few weie temporarily inconvenienced by hoarseness and none per- 
manently 

(5) The postoperative administration of iodine is impoitant m prevent- 
ing excessive thyroid regeneiation and lecuiience of toxic symptoms 

(6) The opeiative treatment of hyperthyroidism continues to be the method 
of choice because of the rapidity with which the 1 esults are accomplished , 
the low operative mortality , and the low incidence of recurrence 
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PEIOM Tlir COMniNU) medical and SUnOIOVL TIHROID CLINIC AND THE MEDIC \I IirSFABCII I \DOn VTOUI NEW ^ORK 
POSTGRADUMF MFDIC M SCHOOL VM) 1109PITVL COI UMRI V UNIVIRSITI, NPW lORK N 1 

The surgical management of classic cases of hypei thyi oidism has given 
satisfactoiy end-iesults dui ing the past two decades Hypei thyioidism, nevei- 
theless, has often been confused with hypei metaholism Not iiifi equently, 
patients aie seen manifesting none of the caidmal signs and symptoms of 
hypei thyioidism, but in whom an elevated basal metabolic late has been un- 
covered A diagnosis of hypei th3noidism is eiioneously made and surgeiy 
advised The end-results fiom suigical management of this type of case have 
been unsatisfactoiy 

In contiast to patients who manifest Iwpermetabohsm alone, aie others 
who piesent symptoms suggestive of hypei thyioidism, although these may 
be difficult to evaluate, and in whom the basal metabolic rate is modeiately 
elevated, usually to the extent of 15 to 30 pei cent above the average noimal 
These patients aie geneially labeled “boiderline” hypei thyioidism From our 
expel lence duimg the past few years, an accurate diagnosis m 20 pei cent of 
these patients has been impossible, although extensive laboiatoiy tests in- 
cluding blood iodine, plasma cholesteiol and galactose toleiance tests weie 
earned out foi assistance 

In this pi esentation, oui clinical impiessions on the value of blood iodine 
deteimmations in thyioid disease will be discussed Experimental studies on 
the blood and thyroid gland iodine of guinea-pigs 1 eceivmg equivalent amounts 
of iodine in vaiious inoiganic and 01 game combinations and thyiotiopic factoi 
of the anteiior pituitaiy will also be summaiized 

Iodine plays a significant idle in all foims of thyroid disease For this 
reason, some of the recent findings in iodine metabolism foi the body at large, 
as well as for the thyioid gland, will be leviewed 

The human body as a whole contains appi oximately 40 mg of iodine dis- 
tributed as follows Muscles, 50 pei cent, thyioid gland, 20 pei cent, skin, 
10 per cent, skeletal system, 7 cent, and the remaining 13 pei cent in 
other endocime glands, oigans and cential neivous system (Stuim and 
Buchholz’^) 

The thyioid gland is piincipally concerned with the metabolism of iodine, 
and this is appaient when one consideis that a gland which weighs only 
20 Gm contains one-fifth of all the iodine in the body The adult human 
contains less iodine than that piesent in 7 M of Lugol’s solution, since i M 
of this solution contains 6 mg of iodine (Means^) The amount of iodine 
necessary to keep a normal pei son in balance is between 100 and 200 micio- 
grams in 24 houis fa microgram is one-thousandth part of a milligram) In 
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othei woids, one diop of LugoTs solution eveiy 30 days is sufficient foi 
noimal iodine balance Accoiding to Saltei,^ the enlne blood of a noimal 
human contains only one-half milligiam of thyioxine 

The noimal physiology of the thyioid gland is a delicately balanced 
mechanism The cells of the acini have appaiently a dual capacity in a noimal 
state of health They seciete iodine into the colloid of the acini wheie it is 
stoied as tliAioglohuhn and latei the iodine is leinoved fiom the colloid and 
dischaiged into the blood stieam by the same cells (Carlson and Woelfel'^) 
The lecent woik on ladioactive iodine by Hamilton, Soley and Eichoin,'' 
demonstiates that the colloid m the acini of a noimal gland has the iodine 
evenly distiihuted tliioughout, wheieas the colloid of the hypei plastic gland, 
without pievious iodine medication, will show vei}' little if any iodine They 
show, furthei, that in colloid goitcis. the gieatest concenti ation of iodine is 
111 the acmal cells and m the colloid at the pci iphei y of the distended acini , 
the ceiitial poitions of the colloid have little demonstiable lodms In a 
noimal acinus the colloid is alkaline in leaction, wheieas m a long-standing 
distended acinus, the cential poition of the colloid becomes acid and undei 
these lattei ciicumstances the colloid is not leahsoihahle or utilizahle by 
the cells foi noimal distiihution (HeweC’) This does not piove that the 
distended acmi of a colloid goitei contain a physiologically inactive piod- 
iict By means of lapid fieezing, Tatum,' and van Dyke® weie able to sepaiate 
the colloid from the cell mass, and demonsti ated that 85 pei cent of the iodine 
111 the thyioid gland was in the colloid Using the method of Tatum and 
van D3dce, AVilliamson, Peaise and Cunnington® isolated two types of colloid 
from the same gland Fiom that poition of the gland called inactive by 
histologic study, the colloid contained not only an abundance of iodine hut 
was physiologically active by the tadpole test The colloid fiom the active 
poition of the gland contained veiy little iodine and was physiologically in- 
active 

Mamie and Lenhart^® emphasized the pait played by iodine deficiency in 
the production of colloid goitei The}^ believed that Fust, hypei plasia of 
the acmal cells occui 1 ed , and that this was followed by dilatation of the acini, 
With atiophy and exhaustion of the cells Mamie and Lenhait found the 
noimal thyioid gland, expiessed m diy weight, contained from ol per cent 

055 per cent iodine Values less than 010 per cent repiesented iodine 
deficiency In the New Yoik Cit}^ aiea, Gutman, Benedict, Baxter and Pal- 
mer^^ found the normal thyioid gland contained on the aveiage o 186 pei 
cent iodine In the same locality, our^-^ values averaged o 1 30 per cent iodine 

It is important to consider the chemical natui e of iodine as it exists in the 
thyroid gland Salter^® found that not more than 10 pei cent of the total 
iodine in the thyioid gland was inoiganic 111 nature, 90 pei cent or inoie was 
m organic combination appi oximately two-thuds of which was 111 the form 
of diiodotyrosine and one-thiid thyroxine In 1927, Haring ton and Barger^^ 
showed that thyioxine was a derivative of tyrosine Obviously, the fiist le- 
quirement necessary for the production of adequate quantities of thyroid 
hormone is a complete hydrolysis of ingested protein into ammo-acids Suf- 
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ficient amounts of tyrosine thus released must then be supplied to the thyroid 
gland for combination with iodine Three lodo-ammo-acids are lecogmzed — 
monoiodotyiosine containing 391 pei cent iodine, diiodotyiosme with 587 
per cent iodine, and thyioxme containing 65 4 pei cent iodine Unlike thyrox- 
ine, the first two of these are physiologically inactive Means, Lei man and 
Salter^^ demonstiated a synergistic action between tbyroxme and diiodoty- 
losine since thyroglobulm which contains both of these lodo-amino-acids was 
more active in the tieatment of myxedema than an equivalent amount of 
thyroxine given alone Abelm^** piepaied a physiologically active product 
from the alkaline hydiolysis of lodinated casein, the administration of this 
mateiial to patients with myxedema relieved then symptoms Ludwig and 
Mutzenbechei^'^ isolated diiodotyiosme and thyroxine from lodinated casein 
111 the same latio as they exist in the thyroid gland Salter and Leiman^® 
were able to lodinale seium albumin, and thus prepare a physiologically active 
substance without hydrolysis, which was also effective m relieving m)'xedeina 
These significant findings indicate that the thyioid gland may play a ver)/ 
small part in the manufacture of ph}siologically active iodine compounds as 
they exist m the human holy 

This bungs us to a considei ation of disoideis ot the thyroid gland m 
localities where iodine deficiency does not exist Can thyroid disease under 
these cncumstances be considered as due to the lack of iodine m the body or 
pel haps due to a deficiency of tyrosine which supplies the organic radical^ 
Protein metabolism, with failuie to supply adequate amounts of tyiosme to 
the thyroid gland, may be a potent factoi m the production of tliyroid disease 
Morton, Weeks, and one of us^® have shown that colloid goiters can be pro- 
duced in dogs by the ligation of tlie pancieatic ducts Undei these conditions, 
interference with tiyptic digestion might result m the incomplete hydiolysis 
of ingested protein with consequent failure to supply adequate quantities of 
tyrosine to the thryoid gland 

EApeumental Studies — It is generally known that the colloid type of 
goiter does not lespond satisfactorily to tieatment with inorganic iodine For 
this reason, primaiily, the following expeiiments weie earned out Potas- 
sium iodide, sodium iodide, diiodotyiosme, thyioglobuhn and thyioxme were 
administered to guinea-pigs 111 doses of one miciogiam of iodine per gram of 
body weight, eveiy 72 houis for three doses The animals weie autopsied 
72 hours after the last dose of iodine Thyrotiopic factor of the anteiior 
pituitary*- (which contains no iodine) 111 doses of i cc eveiy 72 houis, for 
three doses, was also given to another group of guinea-pigs All injections 
weie mtraperitoneal Seven to 8 cc of blood weie lemoved from the heart 
just before the animals weie sacrificed and the total blood iodine determined 
The right lobe of the thyioid gland was analyzed for iodine content and the 
left lobe taken for histologic study The iodine findings in both blood and 
thyroid glands are summarized m Table I 

* This material was supplied through the courtesy of Ayerst, McKenna and Har- 
rison of Montreal, Canada, and Rouses Point, New York 
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Tabit I 

the keflct or Tiir iNjrcTiov or equu alfnt amounts oi iodinf in inorganic and organic combination 

AND or TIUROTKOnC 1 ACTOk 01 Till' ANTI RIOR riTUITAR\ ON THE lODINI CONTI NT OF THE TIITROID GLAND 

AND BLOOD 01 GUINE V-PIGS 

Ihyroid Gland Whole Blood 

Mean 

Mean Iodine 



No of 

iodine 

Standard 

No of 

Content 

Standard 

Group 

Ammals 

001110110^ 

Deviation 

Ammals 

7/100 cc 

Deviation 

Control 

1 1 

S 2S 

I 36 

5 

7 3 

I 63 

Potassium iodide 

IS 

S 20 

3 15 

12 

16 0 

3 23 

Sodium iodide 

1 1 

6 59 

2 35 

6 

12 0 

3 59 

Th> roxme 

14 

S IS 

T 72 

12 

20 9 

3 36 

Diiodotv rosme 

12 

7 71 

I 94 

9 

9 I 

3 25 

Thyroglobulm 

S 

6 70 

I 27 

8 

20 7 

8 05 

Thyrotropic factor 
pituitary 

of anterior 

13 

1 45 

I 42 

1 1 

7 2 

2 93 


* These \alues represent the nneroerams of iodine in the thyroid pland per lOO Rrains of body weight 
calculated from the following formula 

, , , _ . , , , Iodine content of right lobe (nncrogm )\2MOO 

7 thjroid lodine/ioo Gm , bodj w eight = 

Body weight (grams) 


In II guinea-pigs used as contiols, the mean iodine content of the tltyioid 
gland expiessed as miciogiams pei lOO giams of body weight was 5 25 i 36 
In five of these, the mean wdiole blood iodine w^as 73=^ i 63 mici ogi ams per 
100 cc The administiation of iodine in 01 game 01 inoiganic combinations, 
as ivould be expected, elevated the mean thyioid and blood iodine Although 
equivalent amounts of iodine weie used thioughout, Table I show^s that 
diiodotyi osine and thyioxme lesulted in a highei aveiage blood iodine than 
that pioduced by iodine m 11101 game combination, the mciease m the iodine 
contents of the thyioid glands follownng 01 game 01 11101 game iodine weie not 
dissimilar The admmistiation of thjnotiopic factoi of the anteiioi pituitaiy 
ivas follow^ed by a deciease 111 the iodine content of the thyioid gland as has 
been sliowm pieviously by Closs, Loeb and MacKay,“° and otheis“^’“^ The 
increase 111 blood iodine following the injection of thyiotiopic factoi in guinea- 
pigs lepoited by Closs and his cowmikeis w^as not obseived m our animals 
but this may have been due to the smallei dose of hoimone used 111 the piesent 
expel iments 

Histologic studies levealed that potassium iodide, sodium iodide and 
diiodotyrosme m the doses administered failed to produce any noteworthy 
changes in the thyioid glands of the guinea-pigs The animals receiving 
thyroxine and thyroglobulm gave evidence of inci eased cellular activity pei- 
haps a shade more so m those injected with thiyoglobulin The guinea-pigs 
receiving thyrotiopic factor of the anteiior pituitaiy showed by far the 
greatest degree of cellulai activity as indicated by hypeitiophy and hyper- 
plasia of the acinal cells Figuies i, 2 and 3 aie photomicrogi aphs of sec- 
tions of the thyroid gland of a control gumea-pig, of one injected with thyio- 
globulm and one leceivmg thyiotiopic hoimone, respectively, which illustrate 
the differences noted above 

Since Williamson, Pearse and Cunmngton*’ have shown that the so-called 

209 



HINTON. ECKERSON AND BRUGER 


Annals of SurRcr> 
I’tbruarj 1042 


“inactive” colloid is both physiologically active by the tadpole test, and con- 
tains appieciable quantities of iodine, it appeals that the ideal medication for 
colloid goitei would be the admmistiation of thyrotropic hormone since the 
resultant stimulation of cellular activity would favoi lesorption of the colloid 
by the acinal cells and i eduction of the iodine content of the thyioid gland 



Tig I — Photonucios,iapti of i section of "i thyroid gland of a 
control guinea pig (X37S) 



Tig 2 — Pliotomicrogiapli of a section of a thyroid gland of a 
guinea pig receiaing thyroglobulin (X37S) 


Theoretically, thyi oglobulin and thyioxine would be less piefeiable, since 
cellular activity is not piofoundly influenced as by thyiotropic hormone and, 
moieovei, the iodine content of the thyioid gland would increase Thyrotropic 
factoi of the anterioi pituitaiy is now being used foi the tieatment of colloid 
goitei in our clinic, as yet, oui clinical tiials have not been extensive oi pio- 
longed enough to leport on its efflcacy 

Studies on Blood Iodine in Thyioid Disease — Up to the present time, 
303 deteiminations on the total iodine content of the blood have been earned 
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out on 236 patients, ^^ho had, oi weie suspected of having Ihyioid disease 
As fai as could be dctci mined, none of the patients had been taking lodine- 
containing compounds within one month of the blood studies The findings 
aie summaiized m Table II 



Fig — Phototuicioj,rn>h ot i '•cction ot tinioul kItiicI of n 
Riuncn iiig rLCtuing tlniotiopic nUor of tlie '\ntciioi pituitiij 
('3/S) 


T\iui II 

CORRIL\TtON 01 DIOOI) lODIM WITH T\ PI 01 TI!\UOII> DIbl \Sr 

joj Blooi! lodti c Dilcrmtnnltons tn 236 PntiiiUs 

Whole Blood Iodine (1 per 100 cc ) 


3 to 0 




2 to 3 

(normal range) 

9 to 30 

Over 30 


No of 

Num- 

Per 

Num- 

Per 

Num- 

Per 

Num- 

Per 

Diagnosis 

Cases 

ber 

Cent 

ber 

Cent 

ber 

Cent 

ber 

Cent 

No thyroid disease 

65 

I 

I 5 

46 

70 8 

18 

27 7 

0 

0 

Exophthalmic goiter 

66 

0 

0 

14 

21 2 

SO 

7S 8 

2 

3 0 

Persistent exophthalmic goiter 

8 

0 

0 

6 

73 0 

n 

2S 0 

0 

0 

Recurrent exophthalmic goiter 

8 

0 

0 

5 

62 5 

3 

37 S 

0 

0 

Borderline" hyperthyroidism 
Nontouc nodular goiter 

8 

0 

0 

4 

SO 0 

4 

SO 0 

0 

0 

39 

I 

2 6 

30 

76 9 

8 

20 S 

0 

0 

Toxic nodular goiter 

Colloid goiter 

Hypothyroidism or myxedema 

19 

0 

0 

10 

52 6 

9 

47 4 

0 

0 

11 

12 

0 

2 

0 

16 7 

10 

10 

90 9 
83 3 

I 

0 

9 I 

0 

0 

0 

0 

0 


We-"* have showm that m noimal subjects, caiefully selected so as to 
exclude, as far as possible, obvious exposuie to iodine the total blood iodine 
varied betw^een 3 i and 8 4 miciogiams pei 100 cc with a mean of 5 9 13 

In 65 patients, in wdiom the piesence of thyioid disease w'as eliminated (these 
include patients wuth anxiety neuioses, vasomotoi instability, etc ) 18, 01 
27 7 per cent, had elevated blood lodme (betw^een 9 and 30 micogiams per 
100 cc ) The remainder, wuth one exception, showied normal values Ex- 
peiience in blood iodine studies dm mg the past thiee and one-half yeais, had 
taught us that such high values m patients with nonthyroid disease represent 
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undue exposure to iodine It must not be overlooked that many drugs, par- 
ticularly biomides, are contaminated with iodine, moreover, iodine is com- 
monly used m many households for skin antisepsis The use of iodine com- 
pounds 111 radiogiaphic woik is univeisal and a frequent unsuspected source 
of excessive iodine intake-^ The fact that approximately 25 per cent of 
patients with nonthyroid disease show an increased concentration of total 
iodine m the blood does not nullify the value of such determinations in patients 
with thyioid disease It meiely serves to emphasize that caution should be 
exercised m mteipietmg the results of total blood iodine Limiting blood 
iodine studies to the organic fi action (piesumably, the circulating thyroid hor- 
mone) will piobably prove to be the prefeiable determination Observations 
on the 01 game iodine fi action of the blood in patients with thyroid disorders 
aie now being carried out m this clinic, the results of which will be the subject 
of a later communication 

In 66 patients with exophthalmic goitei, 52, or 788 per cent, had an 
elevated blood iodine In 32 of these, the duiation of the disease was one 
year or less and 27, 01 84 4 pei cent, had an elevated blood iodine In 34 
patients, the duiation of the exophthalmic goitei was more than one year, and 
111 this gioup 26, 01 76 5 per cent, showed an inci eased blood iodine These 
findings aie at vaiiance with those of Perkin and Cattell,-^ who maintained that 
in long-standing cases of exophthalmic goiter, the blood iodine falls within 
1101 mal limits 

The incidence of an inci eased blood iodine m toxic nodular goitei and in 
the so-called “boideihne” exophthalmic goiter was approximately the same, 

1 e , about 50 pei cent In 1 1 patients with colloid goiter, ten, or 90 9 per 
cent, showed a noimal blood iodine In 12 patients with hypothyroidism or 
myxedema, the blood iodine was normal in ten, or 83 3 pei cent, and definitely 
below the normal lange m two, or 167 per cent 

In 16 patients with peisistent 01 lecurrent exophthalmic goiter, the in- 
cidence of an elevated blood iodine was no greater than that obseived m 
nonthyioid patients, a fact which stiongly suggests that the diagnosis of 
hyperthyroidism, which led to suigery m these patients, may have been 
erroneous and that the decreased iodine content of the blood is not indicative 
of exhaustion of the th}’'roid gland Oui clinical experience alone, without the 
aid of blood iodine determinations, has helped to formulate this opinion 

CONCLUSIONS 

(1) Subtotal thyi oidectomy in patients with classic hyperthyroidism has 
given satisfactoiy end-results for the past two decades 

(2) The advent of the loutine use of basal metabolic studies in patients 
suspected of thyroid disease has led to the confusion between hypermetabolism 
and hyperthyioidism In patients manifesting an increased basal metabolism 
but without clinical signs of hypeithyioidism, subtotal th3'Toidectomy has 
been followed by poor end-results 

(3) The blood iodine, thyroid gland iodine, and histology of the thyroid 
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gland weie studied in guinea-pigs following the administiation of equivalent 
amounts of iodine in the foim of potassium iodide, sodium iodide, diiodoty- 
losine, th3noglobuhn and th3aoxme Potassium iodide, sodium iodide and 
diiodotyi osine elevated both the blood and thyioid gland iodine without altei- 
ing the histologic pictuie of the thyioid gland Th3 1 oglobuhn and thyioxine 
also inci eased the blood and th3ioid gland iodine hut this was associated with 
evidence of inci eased activity of the aciiial cells 

(4) The administiation of th3iotiopic factoi of the anteiioi pituitaiy 
(which contained no iodine) to guinea-pigs, lesulted m a deciease in the 
thyroid gland iodine without an3^ changes 111 the blood iodine Maiked 
stimulation of cellulai actlvlt3^ and diminution of the colloid content of the 
acini veie obseived following the injection of thyiotiopic hoimone 

(5) Appioximately 25 pei cent of all patients with nonthyioid disoideis, 
though clinically suspected of having th30id disease, had an elevated blood 
iodine It is believed that a high blood iodine m such patients lepiesents 
unsuspected exposuie to iodine 

(6) Appioximately 80 pei cent of patients with exophthalmic goitei and 
50 per cent with toxic nodulai goitei shon ed an elevated blood iodine 

(7) Contiaiy to findings ol othei obseiveis, the level of blood iodine in 
patients with exophthalmic goitei boie no 1 elation to the duiation of the 
disease 

(8) In peisistent or lecuiient exophthalmic goitei, the incidence of an 
elevated blood iodine was no greatei than m patients with nonthyi oid disease 
Clinical experience, in addition to blood iodine studies, has helped to foi mu- 
late the opinion that in man3^ patients with peisistent 01 lecunent exophthal- 
mic goiter, the diagnosis of hypeith3noidism, which led to suigeiy, was piob- 
ably erroneous and that the deci eased iodine content of the blood was not 
indicative of the exhaustion of the th3'’roid gland 

Samuel Member, B S, and Julius Wiland, B S, lendeied valuable technical 
assistance 
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CARDIOSPASINI 

Carl Eggers, MD 
Nrw Youk, N Y 

Cardiospas^i is the designation most commonl^r applied to a condition 
which othei aiithois have called difliise dilatation of the esophagus, idiopathic 
dilatation, mega-esophagus, achalasia of the caidia, oi phienospasm These 
niimcious designations suggest that the etiology and pathology aie not clearly 
undei stood The name caidiospasm implies that rve aie dealing with a true 
spasm at the caidia Diffuse dilatation sti esses the enlaigement of the oigan 
Idiopathic dilatation calls attention to the dilated, lelaxed condition of the walls 
of the esophagus of unknowm etiology as the outstanding condition Mega- 
esophagus simply means a laige esophagus , wdiile achalasia implies the inability 
of the cardia to open noimally Phienospasm or phieno-esophagospasm em- 
phasizes the pinch-cock action of the diaphiagm as an etiologic factoi 

PlumineD feels that the adoption of the teim “caidiospasm” is piematuie 
and confusing, as the part that spasm of the caidia plays m the pioduction of 
diffuse dilatation is by no means established Moieovei , theie aie many cases, 
probably not diiectly i elated, that have spasm at the caidiac orifice wnthout 
dilatation of the esophagus 

Whatevei designation is used, the diagnosis of the condition undei con- 
sideration rests on finding a diffuse dilatation of the esophagus wnth obstiuction 
at its low^ei end duiing the life of the patient, but wnthout anatomic stenosis 
demonstiable either at opeiation oi at postmoitein examination All other 
lesions have to be excluded from the discussion 

Cai diospasm is second in f i equency to cai cinoina m pi odticing symptoms of 
esophageal obstruction It may affect people of all ages, including infants and 
children The outstanding symptoms aie pain, dysphagia and i egui gitation 
The onset may be sudden and intei mittent at fii st but is usually gi adual with 
dysphagia as the only symptom In other cases pain pi edoininates Later 
there is regurgitation of food, a sense of fullness oi pressuie associated with 
substernal or epigastiic pain and possibly anemia and loss of weight The 
pain may be inci eased by taking food oi it may be independent of deglutition 
Often It IS very seveie and ladiates to the back As the esophagus becomes 
more and more dilated, shortness of breath develops on exeition or on lying 
down The patient may have difficulty lesting at night ownng to the pressure 
of the overloaded esophagus and because the liquid contents leak out and spill 
into the larynx, bringing on paroxysms of coughing Aspiration may result 
and lead to pulmonary suppuiation Fiequently theie is loss of weight, which 
may assume alarming pi opoi tions 

Physical examination is negative, except peihaps foi loss of w^eight and pos- 
sible pulmonaiy complications The patients may be lathei neivous and ap- 
prehensive and they frequently are of the opinion that excitement, worry or 
fatigue are responsible for the aggravation of symptoms Plunimei^ and 
Vinson,^ how^ever, who have had extensive experience wnth this condition, state 
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positively that it is not a neurosis It is possible that the psychogenic factors 
are secondary to the underlying condition 

Roentgenologic examination with a contrast medium shows dilatation of 
the esophagus ending usually at the level of the diaphragm but sometimes at a 



Tig I — (A) Straight shadow of enormously distended esophagus Condition 
present since childhood 


somewhat higher level, in a smooth, tapeimg constriction This constant 
observation has given rise to the belief that theie is a sphincter in the wall of 



Fig I — (B) Appearance after partial evacua 
tion of retained contents, consisting of a frothy 
food mixture 


the esophagus beginning at about the 
le\el of the diaphragm or that the 
diaphiagm or its ciuia act as a pinch- 
cock at this point Only very rarely 
has the esophageal dilatation been ob- 
served to extend to the anatomic 
cardia Peristaltic waves are often 
observed on fluoioscopic observation 
and occasionally reverse peristalsis is 
present 

In patients in whom the condition 
has existed for a long time, prelimi- 
nar}^ roentgenogram of the chest 
may show the stiaight border of a 
shadow of increased density extend- 
ing into the lung field to the light 
of the cardiac and upper mediastinal 
shadows If this examination is 
made in the erect position a fluid 
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level may be piesent m the supeiioi mediastinum due to an and letamed 
mattei m the dilated esophagus (Fig lA) When baiium is given to such a 
patient it is seen to float down m streams thi ough the retained matei lal Only 
very little baiium enteis the stomach (Fig iB) 

In some cases of long standing caidiospasm the esophagus becomes elon- 
gated and sacculated, pioducing an appeal ance simulating a diverticulum 



Fig 2 — Enormous dilatation of esophagus with Fig 3 — Cardiospasm with secondary development 
elongation and sacculation Peristaltic waves are of diverticula 

still present 


Twenty-four-hour retention in the esophagus is not uncommon (Fig 2) Ac- 
tual diverticula may also develop as the result of pressure within the esophagus, 
causing bulging at weak poitions of the wall (Fig 3) 

Esophagoscopy is of great value in differential diagnosis and should be 
carried out whenever thei e is any question as to the cause of obstruction The 
walls of the esophagus usually look pale and flabby In older cases, with re- 
tention, the esophagus is found to be filled with frothy liquid content which has 
to be evacuated befoie visualization is possible In such cases the mucosa is 
congested and frequently ulceiated and the cardia may be difficult to locate 
The passage of an esophageal sound over a previous^ swallowed silk thread 
may be more impoi tant in diagnosis than an esophagoscopy It passes into the 
stomach with no more than the usual slight elastic resistance, whereas m 
patients with benign stenosis or carcinoma, a definite stricture can be detected 
One of the very interesting observations in connection with cardiospasm 
IS that although maiked obstruction exists, which eventually leads to enormous 
dilatation of the esophagus, no gioss anatomic change is observed or can be 
demonstiated below the dilatation either during operation or at autopsy 

Many suggestions have been made to explain the obstruction One of the 
oldest is that we are dealing with a sphincter spasm This naturally presup- 
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poses the presence of a sphmctei However, neithei at operation or autopsy 
has such an anatomic sphincter been demonstrated No thickening similar to 
the tumor found m hypei trophic pyloric stenosis has been visualized Knight,^ 
however, has recently submitted experimental evidence supporting the theory 
of spasm as the cause of obstruction He has demonstrated in cats that the 
mterdiaphragmatic and mtra-abdominal poitions of the esophagus function as 
a true intrinsic sphincter, which is relaxed by the vagus nerve and contracts 
on sympathetic stimulation The sphincter is capable of functioning inde- 
pendently of sui rounding stiuctuies and leceives its sympathetic supply from 
the celiac plexus in fibers which follow the course of the left gastric artery and 
its esophageal bianch to the lower end of the esophagus He was able to show 
definitely with illustrations, that bilateral vagus section in cats reproduced the 
roentgenographic, pathologic and clinical picture of achalasia of the caidia 
The sphincter failed to i elax If, howevei , celiac sympathectomy, with a con- 
sequent denervation of the sympathetic fibeis, was peifoimed at the same time 
that the vagi were divided, no obstruction resulted at the cardia , the sphincter 
always relaxed to allow the meal to enter the stomach He comes to the con- 
clusion that whether the obstruction is caused by failure of the vagus to open 
the cardia, or by spasm, in eithei case the integrity of the sympathetic supply 
is necessary for the obstruction to occur, and, therefoie, it can be relieved by 
sympathectomy In a recent anatomic study based upon careful dissection of 
14 cadavers, Mitchell^ states that any peiipheial operation to produce complete 
sympathetic denervation of the cardiac orifice of the esophagus would have to 
be more radical than the one proposed by Knight The magnitude of an opera- 
tion to interrupt all possible sympathetic fibers to the lower esophagus might 
be greater than is justified by the symptoms usually produced by cardiospasm 
In contrast to the theory of spasm of a sphincter at the lower end of the 
esophagus pioducing the symptoms of so called cardiospasm, Jackson^ believes 
cardiospasm is an eironeous teim He states spasm m these patients is never 
greater than minimal normal He holds muscular and tendinous piolongations 
of the crura, which surround the esophagus, to be responsible for normal clo- 
sure and opening of the lowei end of the esophagus He calls this the dia- 
phragmatic pmch-cock According to his theory, it is the failure of this pinch- 
cock to open in the deglutitory cycle, and not any excessive spasm, that is the 
chief etiologic factor in many cases of cardiospasm 

That the diaphragm may play a role m the function of the esophagus has 
been suggested by numeious roentgenologists who have observed temporarj 
stoppage of the barium meal at the caidia duiing deep inspiration Barsony 
and Wald® examined their patients m a straight lateral position In some 
cases of cardiospasm the barium remains ai rested at the diaphragmatic hiatus 
during entire inspiration, even if prolonged In other cases of cardiospasm 
some bai lum enters the abdominal part of the esophagus dui ing the latter part 
of inspiration and fills the esophagus to the anatomic cardia Therefore, in 
some cases, with roentgenograms taken in inspnation, the site of anest of the 
barium is the hiatus, in others the cardia The diffei entiation of cardia and 
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hiatus-spasm can often be made only if seveial films are taken m expiration 
01 vaiious phases of inspiiation m straight lateral position Mosher'^ has made 
similai obseivations and asciibes an important role to the liver tunnel through 
which the lowei pait of the esophagus passes Huist® also believes that the 
inability of the caidia to open, which is noimally the last stage of the act of 
deglutition, is lesponsible foi the dysphagia and the secondary dilatation and 
hypeitiophy He has applied the name “achalasia,’' which means inability to 
open, to this dysfunction, and attiibutes it to pathologic changes m Auerbach’s 
plexus This plexus is composed of ganglion cells and neive fibers derived 
fiom the vagi, and is situated between the cncular and longitudinal muscle 
coats At fiist there is round celled infiltiation, which is later replaced by 
fibious tissue wuth complete disappeaiaiice of the ganglion cells at the lower 
end of the esophagus He states that the piimaiy cause of the change m Auer- 
bach’s plexus IS unknowm, but as the vagi contain the fibers which cause the 
sphmctei to open, then degeneration results m achalasia Rake° has pi esented 
histologic evidence of the piogiessive degeneration of Auei bach’s plexus, wdiich 
IS piesent m at least some cases of caidiospasm 

In the absence of an anatomically demonstiable sphmctei, Hurst visualizes 
a functional sphmctei at the cardia, about one inch long, and situated entirely 
below'’ the diaphragm This coriesponds wnth the observations of the absence 
of an anatomic sphincter, but a closed low^er end of the esophagus, usually ex- 
tending from the hiatus of the diaphi agm to the cai dia proper If this theory 
IS coirect, this entiie low'ei poition should be consideied cardia, for the pur- 
pose of discussion, because it has a neive supply the function of which differs 
from that of the rest of the esophagus 

The closed caidia m a patient with cardiospasm resists a w^ater pressure 
of eight inches Accoi ding to Hurst,® it is only when the column rises beyond 
this level that food is foi ced through the cardia and enters the stomach 

Heyrovsk}A° states that the vagus not alone supplies the muscles of the 
esophagus, but also influences the tone of the cardia by contracting or relaxing 
it One may, theiefoie, assume that in addition to atony of the esophagus, one 
may have not alone absence of noimal relaxation of the cardia, but even increase 
of spasm beyond the noi mal Much depends on whether the case is seen early 
or late in the disease 

A voluminous literature on caidiospasm has accumulated, dealing chiefly 
with its etiology Much of it is confusing The whole question of the etiology 
of cardiospasm requires further study, for the isolated clinical and experimen- 
tal obseivations are still so much at variance, that no definite conclusions can 
be drawn However, evidence is accumulating and appears quite conclusive 
that the condition is due to a neuromuscular dysfunction resulting from path- 
ologic changes in the vagi, and more particularly m Auerbach’s plexus What 
these changes are due to, has not been determined They may be of an in- 
flammatory nature or the result of nutritional disturbance or avitaminosis 
Recent investigations of caidiospasm have unearthed many facts that support 
the theoiy that nutritional and vitamin deficiencies play an impoitant role m 
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the etiology It may he that all cases of cardiospasm are not due to the same 
etiologic factoi, and, therefore, the inability to explain a parti culai case on the 
grounds of a nutiitional or vitamin deficiency does not rule it out as an eti- 
ologic agent Caidiospasm is veiy common in some paits of Brazil, according 
to Etzel and Vasconcelos EtzeB^ observed 626 cases in an 18-year period, 
most of these cases came from rural distiicts of Brazil wdiere the diet is poor 
and inadequate, and especially low in Vitamin Bj The theory that caidio- 
spasm IS caused by a defect in the nerve plexuses did not explain the reason 
foi these histologic findings The changes in Auei bach’s plexus may be sec- 
ondary to the nutiitional and vitamin deficiency That cardiospasm is not 
due merely to local factoi s affecting the esophagus is suggested by Etzel’s ob- 
seivation of the frequent association of cardiospasm or mega-esophagus with 
megacolon Etzel found that most of his Italian patients with mega-esophagus 
and megacolon came fioni a distiict m which pellagra is common 

Cardiospasm has to be differentiated from other lesions pioducing obstruc- 
tion at the caidia Benign stiictuie and caicmoma may be ruled out by the 
character and the duration of symptoms, combined with the roentgenologic 
appearance of the lesion The passage of a sound will aid Esophagoscopic 
examination, perhaps with a biopsy, will determine the diagnosis in doubtful 
cases The differential diagnosis between caidiospasm and other functional 
conditions affecting the lower end of the esophagus may be more difficult 
Spasm at the cardia may be secondary to an intra-abdominal lesion or a neu- 
1 osis Diffuse spasm of the esophagus, which Vinson considers a definite entity, 
may simulate cardiospasm and is distinguished from it chiefly by sufficient 
spasm to prevent passage of a No 60 F sound into the stomach Esophag- 
oscopic examination usually leveals tight conti action of the lower esophagus 
without a visible lumen Roentgenologic study shows diffuse conti action of 
the lower half of the esophagus Diffuse spasm of the esophagus may be 
secondaiy to a lesion of the abdomen Unless the lemoval of the intra- 
abdommal focus held responsible for the spasm relieves the condition, the 
treatment is the same as that for cardiospasm 

Treatment of Cm dtospasm — Most authors believe that spontaneous re- 
covery never occurs, and, with our present knowledge, that there is no treat- 
ment which may be considered cuiative Once dilatation and hypertrophy 
have developed, the condition seems to be permanent The treatment is in- 
tended to relieve symptoms by improving drainage from the esophagus to 
the stomach The means to do this varies with the conception of the etiology 
If one considers spasm at the cardia to be the responsible factor, forcible 
sti etching or dilation of the sphmctei would natuially suggest itself as the 
tieatment of choice In case one believes m the theoiy of achalasia, an attempt 
to rectify 01 oveicome the responsible disturbed nervous mechanism is indi- 
cated After enormous dilatation of the esophagus has taken place, with 
elongation and sacculation, these secondary factors may be more important 
than tlie original achalasia or spasm, and require consideration of treatment 
from a different angle Without regard to etiology, however, there may be 

220 



Volume 115 
Number 2 


CARDIOSPASM 


anothei appioach to the question of treatment and that is expediency and 
safety It hardly seems justified to expose a patient to a serious and tech- 
nically difficult opeiation if symptomatic lelief may be obtained by a simple 
procedure 

While clinical and expeiimental investigations are being pursued, prac- 
tical expel lence has shown that dilation of the caidia is followed by sympto- 
matic 1 ehef 

The less seveie cases usually lemain undei the caie of an mteimst for a 
long time Simple lemedies aie tiied with moie or less success Many 
patients manage to get along faiily well by lestiicting then diet to bland liquids 
and soft food, otheis feel that solid food passes thiough more easily Highly 
seasoned foods and those containing coaise particles usually have to be avoided 
One has to be guided by the idiosynciasies of the patients They have to be 
cautioned to eat slowl} , to take a small meal fi equently, and to choose warm 
to cold food Mild sedatives and antispasmodics may be of value The simple 
passage of a stomach tube or bougie often bi mgs tempoi ai y i ehef 

If these measures fail, or the condition becomes worse, more energetic 
treatment becomes indicated It may be 3eais before the s3anptoms become 
so seveie that the patient is lefeiied to an endoscopist or a suigeon Without 
a definite understanding of the etiology, it has been found that mechanical 
foicible sti etching of the lower end of the esophagus and caidia brings relief 
for shorter or longei periods Man3'- dilatois have been designed and are m 
use Vinson^ begins with the passage of a No 41 F sound passed over a 
previousl3’’ swallowed twisted silk thread, and luns it up to No 60 F He 
states this mechanical dilation gives relief in about 10 pei cent of cases, and 
that almost all of those having lecuirences after this tieatment, and the ones 
who are not benefited b3'- it, can be cm ed by dilating the cardia with the Russel 
h3'-drostatic dilator The iisk of stretching the cardia with this expanding 
dilator after the passage of a No 60 F sound is negligible 

Moore^^ starts treatment by passing mercury-filled bougies about once a 
week, beginning with the No 28 F This is done one-half houi after giving 
the patient i/4 gr nembutal and anesthetizing the throat with a spray of 2 per 
cent cocaine If the patient tolerates the procedure well, he passes the next 
size, the No 30 F Each dilator is left in place about five minutes if possible 
As the patients become more accustomed to the procedure, two can be passed 
each time When the largest size, the No 34 F , is reached, he encourages 
them to swallow the Mosher bag, and pumps it up to four pounds for five min- 
utes This produces a largei amount of stretching than is possible with the 
nonexpanding type of dilator but the bag is very difficult for some people to 
swallow Aftei the laigest degree of dilation is leached, the patient is in- 
structed to return when he feels the need of another dilation 

Mosher^^ passes his pneumatic dilator under fluoroscopic guidance The 
mstiument is coated with barium It is passed through the caidia, the position 
being judged by the appearance on the screen When in place the usual in- 
flation IS carried out 
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Jackson’"* also uses the Mosher pneumatic dilatoi and sti esses the impoi- 
tance of pioperly placing the instrument At least the fiist dilation is done 
under the fluoroscope, so that an accuiate measuiement can be taken fiom the 
point of constiiction to the upper teeth To facilitate the taking of this meas- 
uiement the dilatoi is calibiated m centimeters from the middle of its bag 
upward When the appaiatus is m such a position that, on inflation, the con- 
stiiction of the bag is seen to be exactly in its middle, the measurement at the 
patient’s upper teeth is read and lecoided for subsequent placement of the 
dilator The average measurement has been found to be 40 cm , the shoitest 
33 cm , and the longest 50 cm In 01 dei to insure proper placement of the 
dilator some workeis piefei to introduce it thiough an esophagoscope 

Once the dilation is accomplished, the after-treatment is quite important 
It should be remembered that, especially m the long standing cases, the 
esophagus will he dilated and peihaps diseased Therefore, caieful regulation 
of the diet is indicated, no overloading of the esophagus may be permitted, and 
in some cases local treatment through the esophagus must be carried out If 
the esophagus is veiy much dilated and constantly contains stagnated food 
lemnants, daily iriigations with waim saline solution are veiy beneficial 
Occasionally, the dilatation and distortion of the esophagus will be so gieat 
that no thread will go thiough to be used foi the passage of a bougie On 
esophagoscopy the attempt to find the cardia may also be unsuccessful Undei 
such circumstances, if dysphagia is severe, a gastrostomy is indicated in 01 der 
to peimit correction of the hunger and dehydiation Once these symptoms aie 
oveicome one of seveial plans may be adopted At times, it has been found 
feasible to cairy out manual dilatation of the cardia from below If tins 
cannot be done, a retiogiade esophagoscopy may be perfoimed Once the 
passageway has been found, a bougie is passed upwaid to the mouth This is 
used to draw a thiead into the stomach, and out thiough the abdominal wound 
The thread is then kept m place and used eithei foi letrogiade bouginage oi 
for guiding bougies passed from the mouth as lecommended by Plummei 
In the great majority of cases symptomatic relief can be obtained by the 
methods of dilation just desciibed without great risk to the patient In case 
of failure, or because of seventy of symptoms, opeiation may be consideied 
Some authors have never found it necessaiy to operate Gray and Skin- 
ner’® stated lecently, that m over 1,200 cases of caidiospasm seen at the Mayo 
Clinic opeiations foi the relief of cardiospasm ueie perfoimed only seven 
tunes The pioceduies consisted of the Mikulicz opeiation of manual dila- 
tion of the caidia, four tunes, esophagogasti ostomy, once, thoracocervical 
sympathectomy, once, and abdominal sympathectomy combined with manual 
dilation of the cardia, once 

Operation is undertaken only for a vei}'^ definite indication 

(1) To bring about relief in those cases in which dilation has failed 

(2) In the hope of bunging about moie permanent symptomatic relief 
than IS usually obtained aftei instrumental dilation 

(3) To try to remedy the cause of the disability 
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The simplest opeiations are those designed foi symptomatic lelief by estab- 
lishing bettei diainage of the esophagus Vaiious proceduies have been de- 
vised, some of which have been given up because they proved dangerous or 
ineffective Those most commonly employed at the piesent time aie freeing of 
the cardia and lower esophagus, combined with instiumental dilation fioni 
above, manual dilation fiom below thiough a gastiotomy, oi tianspeiitoneal 
esophagogasti ostomy 

To expose the legion an epigastiic incision is made just to the left of the 
median line and cairied upwaid into the angle between the ensifoim and the 
costal maigiii It is raiely necessaiy to peifoim an osteoplastic resection of 
the costal aich The left lateial ligament of the liver is divided and the under 
suiface of the diaphiagm exposed Eggers^'^ opeiated upon three cases by this 
method The cardia and the lower esophagus weie completely fieed out of 
their bed A tape was passed aiound the esophagus and all connective tissue 
strands, blood vessels and neive fibeis suiiounding it weie divided until the 
longitudinal fibeis of the esophagus could be followed down onto the wall of 
the stomach By gentle ti action the esophagus could be palpated well up 
into the mediastinum Thei e was no abnormal thickening or infiltration noted 
The wall was soft thioughout and theie was no sudden transition from the 
dilated to the naiiow poition, or at the entrance of the esophagus into the 
stomach A large stomach tube was passed without difficulty Exploration of 
the abdomen levealed extensive adhesions from former opeiations in one case, 
and an old duodenal ulcer and a patent gastro-enterostomy in another case 
Whether they could be held responsible as etiologic factors is questionable 
In one patient, Eggers peifoinied a gestiotomy and manual dilation of the 
cardia in addition to the above proceduie A one-inch incision was made in 
the anteiior wall of the stomach between traction sutuies The stomach was 
emptied by means of suction, and a finger then inserted foi exploration of the 
cardia A small dimple was felt but the fingei did not enter the esophagus until 
gradual pressure had been exerted The index finger was inserted and then 
the middle finger The cardia was stretched m all directions until it admitted 
two fingers Stretching with two fingers simultaneously was not very success- 
ful on account of the depth Considerable food remnants weie found m the 
esophagus m spite of the fact that it had been irrigated prior to operation 
These were lemoved by suction The incision in the stomach was closed with 
two rows of sutures The convalescence was uneventful This patient was 
entirely relieved of all his symptoms, and gained 30 pounds in weight Re- 
examination of his esophagus, three years later, showed the condition of the 
esophagus to be unchanged, with identical 1 oentgenologic evidence of cardio- 
spasm, and no diminution in the size of the esophagus in spite of complete 
symptomatic lelief (Fig 4) 

Several authois have commented on similai obseivations, notably Stubbed® 
and Stephens^’’ The lattei lepoited ten cases treated with dilation, in only 
two of which decrease 111 size of the esophagus was noted There is at present 
no adequate explanation foi the symptomatic relief without appreciable change 
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m the roentgenographic appearance of the esophagus One is foiced to the 
conclusion that the mechanical dilation does not “cuie” the condition, but 
simply results in diminishing the resistance of the caidiac sphinctei to the 
passage of food 

In patients with marked elongation and sacculation of the esophagus, in 
whom the secondary mechanical factors are perhaps moie important than the 




Fig 4 — 193S — Cardiospasm before operation 

1938 — Cardiospasm three jcars after manual dilation of cardia Complete sjmptomatic 
relief with gain of 30 lbs in weight Roentgenologic appearance of esophagus unchanged 

original achalasia, esophagogasti ostomy offeis the best lesults It may be 
pel formed through the thoiax, but has been given up by most suigeons because 
of inaccessibility or dangei of empyema Heyiovslcy^® is ci edited with the 
development of the operation by the abdominal route Collected statistics by 
Fromme,^® and Haggstrom-^ show a negligible moitality, and good functional 
lesults After freeing the cardia and esophagus through a high epigastric 
incision as desciibed, the dilated portion must be drawn down through the 
hiatus before an anastomosis can be safely performed The hiatus may have 
to be widened and the crura of the diaphragm divided Several operations 
employing a technic similar to Finney’s pyloioplasty have been described 
within the last few years Churchill,"^ and Womack^^ have each reported 
successful cases The operation should be considered a seiious one and not 
be undertaken lightly It finds its gieatest application in patients whose 
esophagus is elongated and sacculated 

Longitudinal incision of the musculature similar to Rammstedt’s opeiation 
on the pylorus has been recommended by Hellei and favorable results have 
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been reported by numerous writers The many observations of the absence 
of an anatomic sphincter, or any abnormal thickening, make it appear that 
there is no indication for a plastic procedure, and that an incision of the mus- 
culature carries the risk of perfoiation 

Operations aimed not alone at symptomatic lelief, but which aie intended 
to try to remedy the cause of the disability have been developed since the 
expeiimental woik of Hurst, 2= and Knight,=^ and others, called attention to 
the importance of disturbances of the neui omuscular mechanism of the cardia 
in the production of cardiospasm or achalasia Knight himself performed the 
operation, based upon his experimental work, on Tour patients, but the results 
do not seem to have been as satisfactory as had been anticipated WAD 
Adamson, of the Royal Infirmary, Edinburgh, and G E Gack of St Bartholo- 
mew’s Hospital, London, have each pei formed the operation upon four pa- 
tients (quoted by KnighE) , in none of these are late repoits available In this 
country, Ehason and Erb^*^ have operated upon two cases by the method 
advocated by Knight A sympathetic denervation of the cardia was under- 
taken by excising a portion of the left gastric artery with its sui 1 ounding fat 
and nervous tissue The first case was mateiially benefited, symptomatically, 
the second one, to a lesser degree In neither case was the size of the esophagus 
pel ceptibly reduced 

Craig, Moersch and Vinson,^'' of the Mayo Clinic, performed a bilateral 
resection of the cervicothoracic trunk and ganglions, in a patient m whom 
ordinal y methods of treatment had failed, and m whom dysphagia and severe 
pain were the outstanding symptoms Preliminary tests were made which 
indicated to the authors that permanent lelief of pain might be effected 
following removal of the sympathetic ganglia Posteromedian incisions were 
made extending from the tip of the fifth cervical spine to the tip of the fourth 
thoracic spine After lesecting a portion of the transverse process and the 
first rib the posterior mediastinum was entered The cervicothoracic sympa- 
thetic trunk and ganglia were removed on both sides A bilateral operation 
was peifoimed moie fully to deneivate the esophagus and to equalize the rise 
111 surface temperature of the skin of both arms and both sides of the face 
From a cosmetic standpoint also, the bilateral operation is preferable since it 
produces a bilateral Homer’s syndrome The patient’s postoperative course 
was uneventful, and the wound healed perfectly Following opeiation, she was 
completely relieved of dysphagia, and of the residual type of pain, and she has 
had no further paroxysmal attacks of the acute type of pain 

With the piesent state of our knowledge and on the evidence submitted so 
far, it does not seem justified to advocate extensive operations on the sympa- 
thetic nervous system As Bird^^ states, from the work of some of these authors 
it seems unlikely that any operation of reasonable magnitude will effectively 
lemove the sympathetic supply to the caidia Furthermore, it seems doubtful 
that denervation will benefit patients with advanced degrees of the disease 
m vhich the mechanical factors aie prominent Instrumental dilation offers 
the best chance of relief 111 the majority of cases Only on those in whom it 
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fails 01 who are too far advanced may one of the procedures aimed at estab- 
lishing better drainage be instituted 

Fiom a study of the modern literature one gains the impiession that a 
distuibance of the neuromuscular mechanism of the esophagus and more par- 
ticularly of the cardia, is responsible for the symptom-complex of cardiospasm 
There is no othei way to explain the diffuse dilatation with obstruction at the 
lowei end m the absence of an anatomic sphincter No othei esophageal 
obsti notions, whether due to carcinoma, fibrous stnctuie, oi other lesions of 
long duiation aie associated with nearly the degree of dilatation which is 
observed m cardiospasm The fact that m the great majority of cases the 
esophagus does not return to normal after establishing improved drainage, 
likewise, supports this view One has to assume the existence of a nerve 
lesion which affects the fibeis of the esophagus itself and permits dilatation, 
and at the same tune keeps the caidiac end closed, whether by spasm or 
achalasia 

If this conception is correct, one is justified in the assumption that the 
disease which causes caidiospasm piobably has preceded the fully developed 
condition for which the patient is leferred to an endoscopist or a surgeon It 
may he a terminal condition m which the greater amount of damage to the 
nerve mechanism has already been done One may liken it to acute poliomy- 
elitis, in which the acute disease of the spinal cord is of short duration and has 
usually subsided at the time neuiologists and orthopedists aie called in to 
treat the resultant damage 

Assuming this couise of events, it becomes evident that any treatment 
intended to be cuiative, would have to be administered earhei than is now 
usually the case We should know the underlying etiologic factor causing the 
neuromuscular disturbance, whethei it be inflammatory or nutritional De- 
ficiency of Vitamin Bi has been held by some writers to be responsible It is 
along this line that profitable reseaich may be diiected 

In the meantime, symptomatic lelief can be bi ought to the great majority 
of patients by means of dilation of the caidia, eithei mechanical, from above, 
or rarely, manual, fiom below Neithei proceduie entails any undue iisk 
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THE MANAGEMENT OF APPENDICEAL PERITONITIS— WITH 
SPECIAL REFERENCE TO THE OPERATIVE HANDLING 
OF THE LOCALIZED ABSCESS 

LeGhand Guerey and George T McCutciien, M D 

Columbia, South Carolina 

Since the oiiginal papei on the deferred treatment of peiitonitis of 
appendiceal origin by A J Ochsnei^ there has been a rather intense contro- 
versy on this subject It is safe to say that most observeis have seen fit to 
reject his ideas altogether, hut some have accepted them and have applied 
them with considerable success This latter group, dm mg recent years, has 
been able to win adheients by their continual insistence that there is a great 
deal of virtue to the deferred treatment when applied to particular cases of 
appendiceal disease, specifically the ruptuied group and more specifically cer- 
tain well-defined cases of the ruptured group We shall attempt to define 
the groups in which we believe a gratifying i eduction m mortality can be 
brought about 

Inte 7 pi etation of the Ochsiiei Tieatment — Some of the difficulty en- 
countered by advocates of the deferred treatment m discussing their views has 
come from the variety of mtei pretation put upon the Ochsner treatment 
We find, in intei viewing many observers and in reviewing the literature, that 
theie IS little unifoimity of intei pretation A clear-cut definition of Ochsner’s^ 
idea may be found m a few words in his “Handbook of Appendicitis ” He 
slates “The temperatuie was 104° F , pulse 140, abdomen enormously dis- 
tended, features pinched My experience with this and similar cases had 
taught me that whenevei I operated upon patients appi oximately in this con- 
dition, the patient invariably died 

“Some years ago, befoie I had learned to appreciate the tieatment which 
I describe, I frequently operated upon patients m just this condition as a last 
lesort, thinking that this gave them the only possible chance of recovery 
Since then I have learned that this case belonged to a class which prac- 
tically never recovered aftei an operation, if it is peifoimed while the con- 
dition IS that in which I found this patient , and of which a veiy large majority 
recover if the treatment (delayed) is followed which I have desciibed ” 

These statements lepresent the basic idea of his piinciple, and there has 
been no divergence from this principle by his modern day adherents Changes 
m this principle, if they have been made, aie m the nature of refinements of 
application of this basic fundamental We shall attempt to clarify some of 
these refinements Let us make it clear in the beginning that we believe that 
there can be no contention over the idea that immediate opeiation is the only 
form of treatment for acute, unruptured appendices Though it may be deemed 
unnecessary, we make this statement especially stiong because there are 
some who believe that the advocates of the deferred tieatment would defer 
operation in all cases of appendicitis If cases of appendicitis presented them- 
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selves and weie operated upon before luptuie occuired theie would be no 
need for the discussion we aie now presenting We aie still faced with the 
fact, in spite of intensive public education, that Bowei^ in cases found 

that 44 pel cent of patients suffering fiom appendicitis have peiitonitis on 
admission to a hospital Foss^ eiicouiiteied 465 pei cent of peiitonitis in 


Fig 


Fig 2 



Fig I — The location of some of the incisions used in cases of abscess Incision B is 
probably the one most commonly required The variation in the situation of these in 
cisions serves to illustrate the point that strict individualization is the most impoitant 
factor in the selection of site of incision 

Fig 2 — Illustrating the degree of exposure which should be obtained if the incision 
IS adequate 

Fig 3 — Illustrating the extreme degree of exposure of the contents of the right lower 
quadrant which it is possible to obtain through an “extensive” McBurney incision 

Fig 4 — This is a complementary illustration to Figure 3, and shows the use of 
Mikulicz pads to exteriorize the cecum and abscess 


1 .000 cases on admission to the hospital Keyes^ found that 50 3 per cent 
cf 495 cases had peiitonitis on admission to the hospital Alton Ochsner® 
leporls the astounding peicentage of 78 7 m a senes at Charity Hospital m 
New Oileans So with Hamilton Bailey® we say that, “With the advent of 
that Elysium when all cases of acute appendicitis aie m the hands of the 
stiigeon when the disease is still limited to the appendix the need for the 
Ochsner (delayed) tieatment will pass” 
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The interpietation put upon the Ochsnei treatment m England, by Sher- 
ren,"^ was that all ruptured cases should be defen ed, even those with a localized 
abscess, until complete resolution had taken place and lecommended re- 
moval of the appendix during a “well interval” several months aftei resolu- 
tion Of couise, he and his adheients encounteied cases in which resolution 


Tig s Tig 6 



Fig 7 Fig 8 

Fig s — Illustrating the exposure of an appendix I>ing directly posterior to the head 
of the cecum The exposure is accomplished by rotation of the head of the cecum forward 
Fig 6 — Illustrating the deliveij of the head of the cecum with the appendix from the 
abdominal cavity This degree of motility is frequently attainable especially in thin or 
visceroptotic subjects Delivery of the cecal head with the appendix is attainable in the 
large majority of patients 

Fig 7 — Illustrating the exteriorization of the operative field with gauze pads after 
delivery of the cecum and appendix This affords protection against soiling in the event 
that the appendix is ruptured during removal in the acute, nonruptured cases 

Fig 8 — It w ill be noted that the omentum has been tucked down around the medial 
aspect of the head of the cecum and over the small intestine down on to and over the brim 
of the pelvis All drains are placed exterior to this omental ‘ sheet ’ 


would not take place , and in these instances incision and drainage of the 
abscess was lecommended with removal of the appendix sometime later This 
same mtei pretation has been applied by men in this country with a reduction 
in then moitality At another extreme, some have applied the deferred 
treatment to a lestncted group which includes only those cases in shock 
or neai c\t}enus, with an acute peiitonitis, m whom supportive treatment 
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IS given until the geneial condition of the patient can be improved some- 
what , but waiting is not continued until localization of the peritonitis before 
opeiative inteivention Oui position is a sort of middle giound We have 
found thiOLigh expeiience that cases with diffuse peiitonitis will go on to 
localization if they can be tided over the period of profound toxemia, and, 



Fig g — Illustrating the closure of the fascia of the external oblique fascia 

and skin 

theiefoie, we wait for this localization Howevei, we do not go so fai as 
the Shell en gioup We do not wait for complete resolution of a localized 
abscess, but piefer to operate during the stage of abscess We adhere to this 
latter idea because we believe that the waiting necessar}^ for complete reso- 
lution carries a patient into the peiiod of dangei from ascension of infection 
thiough the poital system spontaneous ruptuie of a distended abscess cavity 
thiough its protective wall into the general cavity, septicemia, and other com- 
plications attendant upon the piolonged presence of an abscess anywhere m 
the body We aie certain that the reason for very prolonged waiting is, as 
Bi addon® puts it, the feai of “the tragedy of conversion of a localized abscess 
into a geneial peritonitis” The moitality produced by piolonged waiting 
ovei balances the mortality m oui series of abscess cases vhicli have been 
opeiated upon Since this expeiience has not been universal, we have been 
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foiced to the conclusion that there must be some paiticular viitue in our 
method of handling the abscess case We have, therefoie, incoiporated a 
detailed description of the operative technic employed by us in this group in 
the discussion of the deferred tieatment, because, we cannot help but believe 
that it has served as a very important part and paicel of the results ac- 
complished by us with the deferred treatment 

RaUonahsmg the Pi tnctple of JVmtnig — The principle of deferred opera- 
tion has a great deal of precedent in the handling of othei surgical conditions 
The ideas to which we now adhere so strongly in regard to the management 
of empyema, gonococcic infection of the fallopian tubes, and infections of the 
hand with lymphangitis, were arrived at through a long process of trial and 
error and through antagonism almost as intense as that against the deferred 
treatment of the luptuied appendix It was not until the experience in the 
handling of empyema which the World War afforded, that we became con- 
vinced that the propei method of treating a pleural effusion following pneu- 
monia was to wait until the acute exudative process was over, the pus in 
the pleural cavity had become thick, and the patient had been allowed to 
develop some immunity to the infection Early m this century an acute 
gonococcic infection of the tubes and adjacent pelvic peiitoneum was con- 
sideied iipe for immediate operation Thiough a giadual process of study 
we have now come to the opposite conclusion — ^that operation should be 
delayed in gonococcic pelvic inflammatory disease We have learned that 
immunity will be established, and that the patient is a much less serious opera- 
tive risk duiing a more quiescent stage of the disease Infections of the 
hand with Ijmiphangitis, are now deferied until localization is complete, and 
some immunity is established 

Comparative statistics of our own appeal to us convincing In a series 
of 94 cases with diffuse peiitonitis, which were immediately operated upon, 
ten died, a mortality of lo 64 pei cent In 139 cases of acute diffuse pentonitis 
treated conservatively and operated upon later, there were two deaths, a 
mortality rate of l 43 per cent We feel that this comparison alone should 
serve to lift the proposition of deferred treatment from the category of sup- 
position to the realm of established fact Collei and Potter® report their mor- 
tality rate in acute appendiceal peritonitis with immediate operation as 52 
per cent With the adoption of the deferred treatment they were able to 
reduce then mortality to 8 6 pei cent This is the most striking statistical 
evidence we have discoveied Deavei and Magouiff® repoit 1 , 35 ^ cases 
of acute appendicitis operated upon between the years 1901 and 190S with a 
moitahty rate of 10 5 per cent In all of these cases the patient was immedi- 
ately operated upon when seen In 1910, the deferred treatment was adopted 
for all indicated cases, and from 1910 to 19^4 there were 1,385 cases with 52 
deaths, a 3 7 per cent mortality Walkei^^ reports a series of 30 cases treated 
by defeiied operation with four deaths, a moitahty of 13 cent, and com- 
pares it with a mortality of 42 per cent m 77 eases treated by immediate 
operation 
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Techmc of Waiting , — As was stated above, we advocate defeinng opeia- 
tion 111 those cases who are first seen when they are in a stage of diffuse 
peritonitis This condition may be present (i) A few houis after onset 
of appendiceal disease in those cases which go on to perfoiation lapidly, (2) 
in some cases many days aftei the onset of appendiceal disease wheie the per- 
foration was successfully localized immediately, but continued growth of the 
abscess has allowed it to break tin ough its protecting ban lers into the genei al 
peritoneal cavity, (3) those cases in which evidence of diffuse peiitomtis ap- 
pears thiee to foui days after onset of appendiceal disease Parenthetically, 
we may say that the lattei gioup is the most common one, but we would like 
to deemphasize the phrase “third to fourth day cases” which so commonly 
appears in the literatuie This phiase is confusing because it denotes a 
rule of thumb in a condition where strict individualization of cases is neces- 
sary As we shall go on to show and attempt to illustiate, the deferied tieat- 
nient is indicated in all cases of rupture with diffuse peiitomtis whethei this 
complication has supeivened houis, days, 01 weeks aftei the onset of symp- 
toms 

Operation in either of the three groups cited should be defeired until 
evidence of localization takes place The symptoms of peritonitis, distended 
and rigid abdomen, lapid pulse, high temperature, piostiation, and hippo- 
cratic facies will gradually disappear m the course of a few days, and the 
patient will present a pictuie of localized abscess and satisfactoiy general 
physical status When this lattei status is accomplished, opeiative drainage 
of the abscess and removal of the appendix is indicated Let us state again 
that, contrary to the attitude of some advocates of the Ochsnei piinciple, we 
do not wait for complete resolution of the abscess We realize fully that 
this resolution will take place in the majoiity of cases, but this prolonged 
waiting IS fraught with danger of complications fai gi eater than the danger 
of a gently and expeditiously executed operation upon the abscess The 
above three groups are the only ones in which we believe that operation 
should be defened for any appreciable length of time There are many 
cases that when fiist seen have some suspicious evidence of perforation but 
in whom the evidence of peritoneal iriitation is local These cases should 
not be defened Cases where one can be reasonably ceitain that perfoiation 
has taken place lecently but the signs of peiitomtis are local should not be de- 
feiied Cases which aie first seen aftei a localized abscess has definitely 
foimed should not he deferied The citation of illustiative cases will serve 
to clarify the statements of this paragraph, and also give a moie concrete 
and woikable knowledge foi use in individualizing cases 

ILLUSTRATIVE CASE REPORTS 

Case I J G , male, age 17, was admitted to Columbia Hospital, October 15, 1937, 
stating that generalized abdominal cramps had begun three hours before admission He 
took a large dose of epsom salts on his own initiative shortl}' after these pains began 
At the time of admission his temperature was 1035° F, pulse no, the abdomen 
niarkedlj distended, tender and rigid throughout The facial expression was t3pically 
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washed-out” He was vomiting frequentlj' and profusely^ Intravenous saline and 
glucose were begun and administeicd in adequate amounts for six days (The continuous 
intravenous drip serves admirablj' to furnish fluids to these patients over a period of 
days ) A Bartlett apparatus attached to a Levine tube in the stomach was used foi 
continuous decompression Large doses of morphine were given as indicated for pam 
and restlessness Six days after admission the temperature was ioo° F , the pulse rate 
normal, the facial expression good, and the distention, generalized rigidity and tenderness 
had disappeared The intravenous fluids and continuous gastric suction were discon- 
tinued and he was able to take fluids and a light diet A palpable mass was apparent 
in the right lower quadrant, and rectal examination revealed an inflammatory mass in 
the cul-de-sac (The appearance of diarrhea in patients with peritoneal suppuration so 
frequently indicates a cul-de-sac accumulation Rectal examinations should be made at 
indicated intervals to aid in determining the operative approach ) On October 26, 1937, 
operation was performed through a low, extensive McBurney incision The appendix 
was removed and the cul-de-sac abscess and that in R L Q were drained The postopera- 
tive course was relatively uneventful 

This case is cited to illustrate some features of the supportive treatment 
of patients duiing the process of waiting, but more particularly to illustrate 
the possible sudden onset of evidence of general peiitonitis with its accom- 
panying prostiation This patient had been suffering with abdominal pam 
only thiee hours before he was fiist seen Such lapid pi ogress of appendiceal 
disease to the point of ruptuie and geneial peiitonitis is unusual 

Case 2 — J E , male, age 16, was admitted to Columbia Hospital, February 5, 1935, 
with a history of abdominal discomfort beginning three days previously The pam 
became progressively worse and he had become distressingly sick during the previous 
12 hours Vomiting had been prominent, and at the time of admission to the hospital 
the temperature was 103° F , pulse 130 The abdomen was distended and rigid The 
facies bespoke the profoundness of the toxemia He was vomiting copiously at frequent 
intervals Treatment was instituted along the same lines described m Case i During 
the course of the next four days the evidences of profound toxemia disappeared, and a 
localized mass became palpable in the RLQ After two more da>s localization was 
considered complete and operation upon the abscess performed 

This case is typical of those referred to m the hteiature as “third to 
fouith day” cases This one was deferred because the evidence of profound 
toxemia had supervened and not because of the duiation of the disease The 
formei should invariably be used as the entenon foi deferimg operation 
instead of the lattei ^Valtlng should not last longei than the time necessary 
for localization and cessation of extieme toxemia to take place 

When speaking to the skeptical about the defeinng of opeiation the 
question is quite naturally asked, “how many patients die while one is 
waiting^” In the senes heie lepoited, which includes 131 cases of acute 
diffuse peiitonitis with piofound toxemia, two died, a moitahty of i 52 per 
cent This figure is measurably loivei than those of obseiveis advocating 
other methods whose material we have studied in the hteiature for com- 
parison The small percentage of mortality during the piocess of waiting 
seems to weigh heavily in favoi of oui contention It may be compared with 
our figure of 1075 per cent, Coller’s^ 52 per cent, and Walkei's^^ 42 per 
cent in cases operated upon immediate^ 
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Case 3 — B H J , female, age 9, was admitted to Columbia Hospital, July 3, 
1938, stating that abdominal pain had begun on June 29, 1938 Nausea and vomiting 
were not associated, and she was not incapacitated until July 2, 1938, when she was 
refeired to the hospital Examination revealed a palpable mass 111 the RLQ, with 
no abdominal distention The temperature was 103° F , but the facial expression was 
good and geneial physical status excellent With a diagnosis of appendiceal rupture, 
with abscess formation, opeiation was performed on the day of admission An exten- 
sive McBurney incision was employed, the appendix lemoved, and the abscess drained 
The postoperative couise was relatively uneventful 

This case selves to illustrate that waiting is not practiced wheie localiza- 
tion has already taken place and the ph3^sical status of the patient is good 
It also selves to illustiate that large gioup of cases in which ruptuie occurs 
and in which there is never any evidence of general peritoneal soiling The 
omentum and anatomic position of the ajspendix, and slowness of spillage 
seive to keep the process localized fioin the veiy beginning Other cases 
of this type will be cited foi othei features pei tment to the discussion 

Case 4 — H S, female, age 9, was admitted to Columbia Hospital, July 7, 1938, 
with a history of vague abdominal pain of 24 hours duration Associated diarrhea 
at the onset suggested a diagnosis of gastro-ententis to her attending physician, and a 
definite diagnosis of appendicitis was not made until about 18 hours after onset of pain 
Plwsical examination revealed a child in good general condition, with marked tenderness 
and rigidity in the RLQ No distention or other evidence of diffuse spread was present 
Tempeiature 1015° F, pulse no A definite diagnosis of appendicitis could be made 
but the fact that rupture had occurred could be and was questioned Operation was 
performed on the day of admission Fluid with a distinct colon odor was found upon 
opening the abdomen through a McBurney incision The appendix was found to be 
perforated near its tip with spillage fairly well walled-off by plastic lymph and omental 
adhesions The appendix was removed and the abscess thoroughly drained 

This case was chosen because it is chai actei istic of that laige group m 
which one may entertain considerable doubt that the appendix has ruptured 
Theie is no reason to delay opeiation on these cases Cases of this type 
have given use to moie contention than any other group, and serve as the 
mam reason that a gieat many suigeons feel that they cannot accept the 
defeired treatment This contention has been caused more by niisundei stand- 
ing than by disagieement 

Two cases (Nos 5 and 6) have been taken from our files to illustrate 
oui belief that prolonged waiting foi resolution of the abscess is dangerous 

Case 5— W C, male, age 13, ivas admitted to Columbia Hospital, September 23, 
1938, Mith the history that six weeks before admission he had suffered an attack of 
abdominal pain, with nausea and vomiting which cleared up to some extent although he 
had been incapacitated for work 01 play since the onset Three days before admission 
he became acutely ill again and arrived at the hospital vi exUcmis He was intensely 
jaundiced, the abdomen was markedly distended and tender He expired two days 
after admission No operative proceduie was attempted because of his very poor 
general condition Autopsy revealed a ruptured, gangrenous appendix, with a huge 
pehic abscess which had luptured into the general peritoneal cavitj, a blood stream 
infection with metastatic lung abscess, acute vegetative mitral valvular endocarditis, and 
marked cloudj swelling of the Iner 
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This case illustiates the dangei of leaving an abscess of appendiceal origin 
for a prolonged peiiod This patient’s outlook foi lecovery would have been 
good if he had presented himself a few days after ruptuie, or even a week 
01 ten days before he did apply for tieatment As we have stated, there is 
a consideiable amount of liteiature appealing to-day which tends towaid 
the attitude that piolonged waiting foi complete resolution is the piocedure 
of choice We voice the lesult of our expeiience that it is a procedure the 
dangei of which greatly outweighs that of a pi operly executed operation upon 
the well-foimed abscess The English advocates of piolonged waiting state 
that the unfavoiable eventualities can be obviated by observing these patients 
m “the very shadow of the opeiatmg amphitheatre”, but we find it difficult 
to conceive of then being able to lecogmze an “impending” spiead of the 
infection into the blood stieam oi the luptuie of a culdesac abscess into the 
geneial cavity One of oui colleagues has observed the rupture of a cul-de-sac 
abscess dm mg abdominorectal examination 

Case 6 — H B , male, age 21, was admitted to Columbia Hospital, August 8, 1938, 
with a definite history of an acute attack of appendicitis four weeks previously He 
assumed that the attack had subsided uneventfully when the nausea, vomiting and 
severe abdominal pain disappeared He continued his participation in the activities 
of a summer camp until a few days before admission, when he noticed a tender mass 
in his right lower quadrant (This is not unusual, we see an occasional patient who 
is ambulatory with a circumscribed appendiceal abscess ) At operation he was found to 
have a well-defined appendiceal abscess Tliere was also extensive destruction of the 
head of the cecum, which feature makes this a case m point It was necessary to resect 
a part of the cecum to get above this diseased portion He developed a cecal fistula 
which has ;ust been closed at the time of this writing, one year later We attribute the 
destruction of the head of the cecum to the fact that the infection was allowed to dissect 
between the layers of the cecum We have seen this condition in other cases which were 
allowed to wait for prolonged periods 

We believe that the two cases above cited illustiate adequately the danger 
of prolonged waiting, which leads one to the belief that this dangei is more 
leal than imagined We would like to avoid being controvei sial on the issue 
of prolonged waiting We accept the fact that all but about 25 pei cent of 
cases with appendiceal peiitomtis will go on to complete resolution It is 
m this lemainmg 25 pei cent where operation is “forced” (LehmaiE-) that 
the dangei of complications which we have described outweighs the danger 
of opeiatmg upon a well-circumsci ibed abscess, when it appears This 
should not be made an issue among those advocating the defeired treatment 
because it detracts from the stiength of then stand on the mam issue, that 
is, the deferring of operation upon the patient with diffuse peritonitis until 
he has been tided over the “critical” stage of his illness 

Technic of Opeiation upon Appendiceal Abscess— W& go into some detail, 
pel haps unnecessarily, m the accompanying illustiations in an attempt to 
define the operative approach and handling of appendiceal abscess We feel 
that this type of suigery, like any othei, depends in large pait for its success 
on scrupulous attention to detail First, the location of the incision should 
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be made diiectly ovei the abscess to avoid traversing misoiled visceia as 
much as possible Second, the extent of the incision should piovide adequate 
working room to promote gentleness and facility' of execution of subsequent 
steps Third, mobilization of the head of the cecum is impoitant We em- 
phasize this because this maneuver relieves us of the necessity of “rooting” 
foi the appendix, removing it retiogiade, and using othei piocedures which 
bespeak inadequate “control” of the operative field Fourth, the adjacent 
areas should be protected from soiling The necessity foi this is evident , we 
have attempted to describe its accomplishment in the legends Fifth, ade- 
quate diainage should be employed For this purpose we use cigaiette and 
spilt, fenestrated soft lubber tubing which is never placed between coils of 
small intestine Sixth, the placing of the omentum pieliminary to closure 
is highly important This should be done so that the abscess aiea is ex- 
teiiorized as much as possible, and so that the drains aie not in contact with 
the small intestine Seventh, the closuie of the wound is done loosely The 
wound is always potentially, if not actually, infected By delivering the 
diains through stab wounds we try to avoid the occunence of postoperative 
hernia 


Table I 

SUMMARY or MORTALITY STATISTICS IN 3.79S CASES OF APPENDICITIS 




No of 

No of 

Mortality 



Cases 

Deaths 

Percentage 

(I) 

Recurrent appendicitis 

1,572 

0 

0 

(2) 

Acute appendicitis 

989 

I 

0 10 

(3) 

Acute gangrenous ruptured appendix with localized abscess 

545 

3 

0 55 

(4) 

Acute gangrenous ruptured appendix, with diffuse peritonitis 



1 

1 


— immediate operation 

94 

10 

10 64 


(5) 

Acute gangrenous ruptured appendix with diffuse peritonitis 






. — deferred operation 

139 

2 

I 43] 


(6) 

In extremis — drainage — appendix not removed 

12 

3 

25 

(7) 

Appendix removed in course of other operations 

444 

0 

0 


Totals 

3,795 

19 

0 so 


SUMMARY AND CONCLUSIONS 

(1) Attention is called to the fact that the statistics detailed in Table I 
show the mortality incidence in a continuous, consecutive, unselected series 
of cases of appendicitis, extending over a period of more than 35 years Dur- 
ing this period a mortality of around one-half of one per cent has been 
sustained A fact which, in itself, is most significant 

(2) We legard the deferied treatment in the cases in which it is indi- 
cated as the fiist step in the opeiative procedure, and in no way is it regarded 
as a substitute for opeiation 

(3) Theie is abundant evidence, both clinical and experimental, to prove 
the unmistakable tendency toward localization in cases of appendicitis com- 
plicated by the presence of pus 

(4) There is an optimum time ioi operating upon every surgical patient 
The gieat problem of surgical judgment is to be able to select that time 
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The gieatest ally the suigeon has in these ciitically ill patients is their 
amazing defense mechanism 
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Bile peritonitis is the resultant peritoneal reaction caused by a variable 
amount of free bile within the peiitoneal cavity During the past 40 years, 
Geiman and Fiench observers have published on this topic a very extensive 
bteiatuie dealing, primarily, with the so-called idiopathic types of biliary 
peiitomtis Since 1920, a number of American investigators have reported 
observations on experimentally produced bile peritonitis in animals, but Amer- 
ican and British bteratuie still contains little on the clinical aspects of this 
condition Foi example, two monographs on diseases of the liver and biliary 
tract by Ameiican authois, published in the past fifteen years, have no ref- 
erence to bile peiitonitis 

The treatment of eight such cases during the past six years, together 
with a detailed investigation of this subject, forms the basis of this paper 

case reports 

Case I — male, age 68, was admitted to the Universitj Hospital, with a slight clini- 
cal jaundice, and a history of recurrent calculous cholecystitis The gallbladder was not 
visualized roentgenologically Calculous cholecystitis was demonstrated at operation, 
the common duct was normal A cholecystectomy without drainage was performed 
Convalescence was stormy and lobar atelectasis, abdominal distension, and ascites de- 
veloped On the twelfth postoperative day a small incision was made in the right lower 
quadrant Normal appearing bile drained copiously for two weeks, but gradually ceased 
by the twentieth day On the fortieth postoperative day a right subdiaphragmatic abscess 
was evacuated of two liters of infected bile Recovery was prompt, and the patient was 
discharged on the seventy-sixth day 

Case 2 — A female, age 76, was admitted to the University Hospital, with a historj 
of recurrent calculous cholecystitis over a period of 30 years Jaundice had occasionally 
been present, the attacks accompanied by chills and fever Jaundice was not present 
on admission No gallbladder shadow could be demonstrated roentgenologically Chronic 
calculous cholecystitis was found at operation The common duct was not dilated and 
no stones were palpated Cholecystectomy was performed, with drainage of the gall- 
bladder fossa Twenty-four hours later abdominal pain, distension, fever and tachy- 
cardia developed, and profuse drainage of bile was noted along the abdominal drain The 
patient appeared gravely ill and failed rapidly , she expired 48 hours postoperative Post- 
mortem examination disclosed 1,000 cc of bile m the peritoneal cavity A stone one 
centimeter in diameter was firmly impacted in the ampulla of Vater No definite site of 
perforation was demonstrable in the common duct, cystic duct stump, or gallbladder 
fossa Pathologic Diagnoses Bile peritonitis, common duct stone, and pulmonary 
atelectasis 

Case 3— A female, age 48, was admitted to the Methodist Hospital, with acute 
calculous cholecystitis of three days’ duration Exploration revealed an empyema of the 
gallbladder, with beginning gangrene of the wall A cholecj stostomy was performed, no 
stones were found in the gallbladder The patient made a satisfactory recovery except 
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for a peisistent mucous fistula Six months later a cholecystectomy was performed and 
a stone found firmly lodged m the ampulla of the gallbladder The common duct was 
not enlarged and no stones were palpable in it The gallbladder fossa was drained 
Sixty hours later abdominal pain, distension, fever, and tachycardia abruptly developed, 
and the patient appeared to be in surgical shock There was profuse drainage of bile 
along the abdominal diain Rapid circulatoiy failure followed, with death i8 hours 
after onset of the complication No postmortem examination was permitted, but death 
certainly was due to bile peiitonitis, resultant either from a slipped cystic duct ligature 
or an overlooked common duct stone, with peiforation of the biliary tree 

Case 4 — A female, age 53, was admitted to the Immanuel Hospital, with a history 
of chionic calculous cholecystitis of ten years’ duration, but with no jaundice The gall- 
bladder was not visible loentgenologically A chiomcally diseased gallbladder was found 
at operation, with a stone fiimly impacted in a very short cystic duct Cholecystectomy 
was carried out, and the cystic duct stone removed A small incision made m the com- 
mon duct, to permit removal of the stone, was closed with inteirupted sutures The 
abdomen was closed, with drainage Thirty-six hours later a definite and rapidly in- 
creasing tachycardia developed, the pulse increased gradually from 100 to 170, with no 
accompanying fever, pain, distension, air hunger, or altered blood pressure, although 
the patient’s appearance was one of anxiety The diam was shortened, and a profuse 
outpouring of bile promptly resulted, which continued for several days and then 
gradually decreased, while the patient appeared progressively better Biliary drainage 
had ceased at the time of dismissal, 15 days postoperative Biliary leakage m this case 
undoubtedly occurred through the incision 111 the common duct 

Case 5 — A female, age 27, was admitted to the University Hospital, 16 days after 
a cholecystectomy, pei formed in another institution The common duct had not been 
explored and the abdomen was closed without drainage Four days after operation 
seveie upper abdominal pain ladiating to the shoulders, fever, and distension had de- 
veloped and increased, accompanied by nausea and vomiting No evidence of shock had 
appeared On admission, the clinical and roentgenologic findings were typical of a 
large right subdiaphragmatic collection of fluid, and 700 cc of clear bile were obtained on 
surgical drainage Convalescence was stormy but the drainage gradually lessened, and 
complete recovery followed In this case it was impossible to demonstrate the site of 
the biliary perforation 

Case 6 — A female, age 68, was admitted to the University Hospital, 48 hours after 
the onset of severe upper abdominal pain, distension, and collapse When first seen, the 
patient was vi cxticmis, with marked cyanosis, and pronounced shock A diagnosis 
of coronary thrombosis was made The patient expired two hours after hospitalization 
Postmortem examination disclosed 1,000 cc of free bile in the peritoneal cavity, a 
gangienous gallbladder and stones both in this structure and m the common duct Careful 
study of the entire biliary tract disclosed no obvious site of perforation Pathologic 
Diagnoses Bile peritonitis , gangrenous cholecystitis , and paralytic ileus 

Case 7 — A female, age 60, was admitted to the University Hospital, with a history 
of eight years of chronic calculous cholecystitis, with one occurrence of jaundice The 
patient was extremely obese, with a marked hypertension Cholecystectomy with drain- 
age, carried out under spinal anesthesia, revealed a hydrops of the gallbladder and a 
stone impacted m the cystic duct The common duct appeared normal and was not ex- 
plored The patient went into shock on the table, and remained so for 24 hours The 
temperatuie, pulse, and respirations then began to mount, with attendant signs of cardiac 
failure Profuse drainage of bile was noted escaping along the abdominal drain, which 
continued until the patient expired 48 hours postoperative Postmortem examination dis- 
closed 200 cc of bile in the right subdiaphragmatic space and right colic sulcus A 
definite perforation of the cystic duct stump, pioximal to the site of ligation, was found 
The common duct was dilated but no stones were demonstrable Pathologic Diagnoses 
Perforation of cystic duct stump , bile peritonitis , pulmonary edema , and atelectasis 
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Case 8 —A female, age 6o, h as admitted to the University Hospital, with a history 
of long standing chronic calculous cholecj stitis, with intermittent common duct ob- 
struction Cholec3"stectom> and choledochostomy were performed, and stones were 
found in both the gallbladder and common duct Recoverj' was uneventful, and a 
cholecystogiam taken on the twelfth postoperative day, before removal of the T-tube, 
showed the common duct patent and well visualized The patient was dismissed on the 
sixteenth postoperative dav 

Twelve daj's latei siic was leadniitted with a histoiv of two da^s of scveie epigastric 
pain, giaduallv moving to the low'Ci abdomen Examination showed the patient to be 
acutely ill, w’lth severe crampj abdominal pain, marked distension, definite clinical 
jaundice, and claj'-colored stools Vomiting w'as not a feature Temperature 102° F , 
pulse 120 Exploration revealed a diffuse bile peritonitis but demonstrated no definite 
site of perforation Drains w'eie introduced down to the region of the common duct 
The patient expired 48 hours postoperative Posfinoi ton Diffuse bile peritonitis , 
stone impacted in ampulla of Vater, moderate dilatation of common duct, perforation 
of stump of cystic duct, partial intestinal obstruction, and bronchopneumonia 

Etiology — Bile has a stiong natural tendency aftei its formation m the 
hvei to follow Its natural cotiise down through the hepatic and common ducts 
and pass into the duodenum, provided theie is no ohstiuction at the sphmctei 
of Oddi This same tendency continues even though an abnoimal opening 
may occur in the duct wall above the sphincter 

Cope^ has suggested as thiee factors which noimally tend to pi event any 
extensive extiavasation ot bile (i) The low piessure of biliary secietion 
and possibly its mteimittency , (2) the natuial tendency to closuie of any 
abnoimal opening, and (3) the readiness witli which nature closes an opening 
m the extrahepatic ducts, even inoie striking than with other musculai tubes 
111 the body 

A review of the subject of biliaiy peritonitis, howevei, discloses a variety 
of ways in which this condition may be pioduced 

(1) Biliary peiitonitis without gross evidence of peifoiation 

(a) Idiopathic leakage 

(b) Microscopic peiforation 

1 Through gallbladdei 

2 Through extiahepatic ducts 

3 Through mtiahepatic ducts, with capsular lupture 

(2) Bile peritonitis following trauma 

(a) Trauma to the abdomen 

1 Rupture of the common duct 

2 Rupture of the gallbladdei 

3 Ruptuie of the liver 

(b) Leakage from the gallbladder bed following cholecystectomy 

(c) Absoiption or slipping of a cystic duct ligature 

(d) Increased pressuie in the biliaiy tiee following cholecystec- 
tomy from ovei looked common duct stone 

1 Ruptured stump of cystic duct 

2 Ruptured common duct 

3 Rupture of intrahepatic duct 
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(3) Bile peritonitis lesulting fiom infection 

(a) Peiforation of the gallbladclei 

(b) Perfoiation of common duct 

(c) Perfoiation of subseious duct in livp 

(4) Bile peiitonitis secondaiy to inci eased' intiaductal piessuie and 

peifoiation fiom unusual causes 

(a) Stiictiiie of duct 

(b) New giowtli occluding ducts 

(c) Congenital cystic dilatation of common duct 

A laige number of cases of bile peiitonitis without demonstiable perfoia- 
tion of the biliaiy tiact have been reported in the continental hteiatuie during 
the past 40 yeais Filtiation of bile thiough the walls of the gallbladder or 
exti cihepatic ducts was suggested as a loute of spiead, as was filtiation through 
channels of Luschka’s glands Caieful study of these cases, howevei, began 
to show that a small peifoiation, often micioscopic m size, could be demon- 
stiated in the majoiity of instances These perfoiations often could only be 
identified by seiial section at the site, because of then small size they would 
leak only when the intiaductal piessuie was inci eased, but would be quickly 
coveied over as the piessuie was relieved A luptiiied subseious bile duct on 
the hvei suiface was found to be one of the most frequent sites for these 
micioscopic peifoiations Schlaepfei,- after collecting 15 instances of this 
type fiom the liteiature, concluded that almost iiivaiiably a chionic cholangitis 
was piesent, with the perfoiation lesulting from a sudden mciease m mtia- 
abdominal piessuie Cope^ lepoited six peisonal cases of diffuse bile peri- 
tonitis without obvious peiforation, and concluded that the most logical ex- 
planation ivas a small localized infection or ulceration m the mucosa of the 
biliaiy tiee, wuth lesultant micioscopic peiforation PohlmaiP stated that 
expel imental wmik does not establish the existence of true biliary peritonitis 
m man without demonstiable perforation, although the perforation may be 
veiy difficult to find 

Bile peritonitis from a tiaumatic lupture of the gallbladder 01 common 
duct has been leported but is laie m the absence of pieexisting disease 111 these 
stiuctuies Traumatic luptuie of the liver peimits the escape of some bile 
but this featuie is usually greatly ovei shadow^ed by the associated hemorrhage 
The piesence of accessoiy hepatic ducts enteiing the gallbladder directly 
fiom the hvei bed has often been obseived INIentzei'* found these accessoiy 
hepatic ducts piesent m eight of 96 consecutive autopsies They may easily 
be confused wuth collapsed veins during the perfoimance of a cholecystectomy 
undei ethei anesthesia, wdiich reduces the flow'' of bile Piobably these ac- 
ccssoiv hepatic ducts often account foi the leakage of vaiying amounts of 
bile following cholec) stectomy Feai of such biliary leakage has been the 
pimcipal leason foi adheience to the piinciple of instituting diainage follow'- 
ing all t\pes of biliaiy singer} Saunders,'^ Abell and Abell.« Wolfei,"^ and 
Graham,^ have all i epoi ted series of cholecystectomies closed wuthout drainage, 
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with gratifying results None reported any fatalities from bile peritonitis, 
although Giaham obseived two instances of bile leakage after cholecystectomy, 
with subsequent recovery Many othei expeiienced surgeons feel that ac- 
cessoiy hepatic ducts are a real hazard following cholecystectomy and insist 
upon routine diainage 

Diffuse extravasation of bile, resultant fiom premature absorption oi 
slipping of the cystic duct ligatuie following cholecystectomy, undoubtedly 
occurs If diainage has piovided an avenue of escape foi the bile, lecovery 
may lesult without interference Wolfer has demonstiated that a ligated 
cystic duct undergoes neciosis at the site of ligation, and closuie of the duct 
end IS dependent upon a proliferation of the adjacent tissue These facts 
would suggest the advisability of covering over the ligated cystic duct stump 
with the adjacent peritoneum and not permitting the end of the dram to be 
111 immediate contact with this site 

Ovei looked common duct stones, with subsequent increased pressure m 
the biliary tiee following cholecystectomy, may be followed by bile peiitonitis, 
lesultant from perforation of the biliary tree The site of peiforation may be 
through the ligated stump of the cystic duct, through the common duct, espe- 
cially if this stiucture was opened at operation, oi through a dilated intra- 
hepatic bile ladical on the hepatic surface Wolfson and Levine® repoited 
three cases of diffuse bile peritonitis developing between the thirty-fifth and 
foity-second days after cholecystectomy and choledochostomy Two of these 
patients recovered following drainage of the common duct area while the 
third, at autopsy, showed a definite peifoiation at the site of the previous 
common duct incision with seveial stones in the lower poition of this duct 
These authors attiibuted perforation to a localized infectious piocess in the 
wall of the common duct at the pievious operative site 

Infection, whether acting alone oi associated with external or surgical 
trauma, undoubtedly plays a major role in many cases of bile peiitonitis 
The association of cholangitis and hepatitis with cholecystitis is now a well- 
established and accepted fact SmitlT® has leviewed 12 fatal cases of bile 
peritonitis fiom ruptuied intrahepatic ducts All these patients, 80 per cent 
female, weie in the latter half of life, and all gave a long history of typical 
biliary colic, with intermittent common duct obstiuction In each instance, 
it was concluded that a chionic inflammatory process associated with gall- 
stones had existed m the biliary channels foi years An exacerbation of the 
inflammatoiy process affected a group of the bile ducts in a small scar be- 
neath the liver surface, with resultant necrosis of the overlying tissue, rupture, 
and peritonitis Schlaepfer^ came to similar conclusions in a study of his cases 
of intrahepatic rupture 

Perforation of the inflamed gallbladder very rarely results in the pro- 
duction of diffuse bile peritonitis One of our seven cases developed incident 
to a gangrenous gallbladder, with associated common duct stones, but no 
definite site of perforation was demonstrable at autopsy Several years ago, 
the author, with E L Eliason,^^ found, in a review of this subject, that while 
the incidence of perforation of the gallbladdei varied from one to thiee per 
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cent in the leported senes of biliary admissions, few of these cases showed 
evidence of biliary peiitonitis In a series of 490 consecutive biliary admis- 
sions, perfoiation of the gallbladdei had occuiied m nine cases, but diffuse bile 
peiitonitis was not found in a single instance, undoubtedly due to the fact 
that the peifoiatnig gallbladdei tends to be well walled-off by adjacent 
structuies befoie actual peifoiation occuis 

That stiictuies and new growths occluding the biliaiy ducts may con- 
tribute to peifoiation and biliaiy peritonitis is quite evident These condi- 
tions leadily pioduce the element of obstiuction and, with associated infec- 
tion, set the stage foi peiforation Caulfield^- repoited ti\o cases of bile 
peritonitis occuiimg in infants dining the first month of life, with one re- 
coveiy In the fatal case, a stricture of the lowei common duct was found 
and the bile escaping thiough a peifoiation above this was localized in a 
seious lined sac in the uppei abdomen It was suggested that this picture 
might lepresent the fiist stage of the so-called idiopathic dilatation of the 
common duct seen 111 oldei children 

Oui obseivations lead us to believe that inci eased piessure within the 
biliaiy tiee from ovei looked common duct stones is the most frequent basic 
factoi 111 the pioduction of bihaiy peiitonitis The presence of such stones 
111 tliiee of oui five fatal cases supports this conclusion 

Pathology — The seiiousness of an extensive extravasation of fiee bile 
within the peiitoneal cavity has been the subject of a gieat deal of contio- 
veisy Some insist that free, uncontaminated bile within the peritoneal 
cavity IS nevei lethal, and others considei death inevitable if sufficient bile 
escapes and is not diamed The considerable numbei of fatal cases following 
peifoiation of the biliaiy tree would seem to lefute the statement that bile 
peiitonitis IS nevei fatal, and yet patients are observed who, foi long peiiods, 
have haiboied extensive intrapentoneal collections of bile without being 
seiiously ill 

It IS veiy important to dilTeientiate accuiately between bile peiitonitis and 
ascites, since these conditions may be confused Ravdin, et al have shown 
that tiue liiliaiy peiitonitis demands the presence of fiee bile in the peiitoneal 
cavity with a coiiesponding peritoneal nutation, while biliary ascites appears 
m cases of common duct obstiuction with portal stasis 111 which effoits at 
setting up a collateial cii dilation aie only paitially adequate In this latter 
condition, the lesultant ascites is bile-stained fiom the general icteius and 
the bile salts piesent come fiom the blood bile salts lathei than a filtiation 01 
peifoiation thiough the hepatic duct walls 

In an etfoit to bettei undei stand the effect of free bile within the peri- 
toneal cavit), numeious experimental studies have been undertaken 111 recent 
yeais,^"* 20 majoiity of which hai'^e been made on dogs 

Mail} of the published lesults conflict and do not coiiespond to clinical cases 
obseived Mentzeu^ has pointed out that bile peiitonitis in the dog is not 
coinpaiable to that seen in man, since the bile of the dog is approximately 40 
tunes as lethal nhen extiavasated intrapentoneally as is human bile 
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The experimental studies, published to date, suggest that tiee hile m the 
peiitoiieal cavity pioduces its seiious efifects thiough one or a combination of 
seveial of the following ways 

( 1 ) Toxic action of one oi more of the products present in bile upon 
tissues 

(2) Infection carried into the peritoneal cavity by the bile or subse- 
quentl}'’ developing through contamination 

(3) Production of a condition simulating suigical shock through the 
outpouiing of laige amounts of plasma-like fluid into the abdo- 
men from the blood stream, associated hemoconcenti ation, loweied 
blood volume, and fall 111 blood piessuie 

The formei concept that bile peiitonitis produced death thiough toxic 
action of the bile salts and bile acids is suppoited by few investigators to-day 
It IS probable that the action of the bile salts upon the peritoneum makes 
this structure less lesistant to infection IMentzer,-^ Rewbndge,-- and Wein- 
berg and Levenson,-^ all considei that pathogenic bacteiia passing through 
a peiitoneal baniei damaged by the action of the bile salts are the pi unary 
cause of the fatal outcome in these cases In clinical practice, it is unusual in 
a patient who has survived for any peiiod of tune to find bile which has not 
become infected The usual oiganisms found are the stieptococci, colon 
bacilli, and certain of the anaerobes 

In 1931, Ziegler and On^'^ obseived that the peritoneal cavities of ex- 
pel iinental animals with bile peiitonitis at autopsy were filled to the point of 
distension with bile-stained fluid Subsequently, Hai kins, et al Moon 

and Morgan, and Manson and Eginton,^® publisbed data demonstrating tbe 
presence of a secondary suigical shock syndrome in their animals with bile 
peiitonitis The extravasated bile, 01 its salts, injured the walls of the capil- 
laries and venules, with resultant atony, inci eased peimeabihty, and pro- 
duced a tiemendous outpouiing of plasma fiom the blood into the peiitoneal 
cavity There lesulted a concenti ation of the hemoglobin, fall 111 blood pres- 
sure, and clinical evidence of shock This syndiome, sufficient alone to cause 
death in many instances, even if not lethal, so alters normal resistance that 
the subject is unable to resist bacteria or toxic factors which normally would 
not prove fatal 

Cluneal Ptefm e — It seems probable that this same shock-like picture seen 
in experimental animals occiiis in variable degrees m clinical cases Thiee of 
our cases of bile peiitonitis demonstiated definite evidence of shock, and 
tachycardia was a striking clinical feature Biliary peritonitis should, there- 
fore, be suspected m any patient who has recently been opeiated upon for 
biliaiy disease and whose subsequent appearance suggests delayed surgical 
shock One’s suspicions are naturally confirmed if bile is found escaping 
along the abdominal dram in considerable amounts, as happened in foui of 
our cases 

Bile peritonitis developing without previous biliaiy surgery is rarely diag- 
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nosed befoie an exploiatory celiotomy Powei"'^ obseived that early cases 
simulate a peifoiated peptic ulcei, although the pictuie does not seem so 
acute When the patient is seen latei, luptuied appendicitis, geneial peri- 
tonitis, panel eatitis, oi intestinal obstiuction may be suspected These patients 
may even simulate caidiac emeigencies, as one of our cases, admitted in 
e\tiemis, was considered to be a coronaiy thiombosis until autopsy disclosed 
the tiue natuie of the lesion Exploration, and finding of fiee bile m the 
peiitoneal cavity, make the diagnosis, although in many instances the exact 
site of peifoiation cannot be demonstrated 

Tieaiment — The successful tieatment of bile peiitonitis demands adequate 
diainage as soon as the condition is lecognized Ideally, the perfoiation 
should be closed in addition to abdominal diainage, but laiely is one able 
accuiately to identify this site, since the patient’s condition usually demands 
lapid exploration, with a minimum amount of manipulation All fiee bile 
should be lemoved by suction, and the pelvis and subdiaphi agmatic aieas 
emptied as completely as possible Diains are placed down to the legion 
of the common duct, occasionally it is of value to diain the pelvis. 

Postopei atively, evei}'- effoit should be diiected towaid support of the 
patient The laige quantities of fluid lost should be leplaced by pai enteral 
loutes and a tiansfusion is of gieat value Blood i^lasma, if available, should 
leplace that which has passed into the peiitoneal cavity from the blood stieam 
Admmistiation of adequate fluid will oveicome the hemoconcentration and 
lelieve the shock-like featuies of the condition 

Moitahty — Diffuse biliary peritonitis is an extiemely seiious complica- 
tion following bihaiy suigeiy, and lesults m a high mortality rate Cope 
lepoited a moitahty of 66 pei cent in his six cases, oui moitahty was 62 
pel cent The fulminating cases tend to expiie in a veiy shoit peiiod of 
tune. 111 spite of all tieatment, while infection is a major hazard m those in 
whom the process develops moi e slowly All hope of iinpi ovmg the 1 esults m 
this senes of patients would seem to he in suspecting this complication when 
cei tain of its symptoms and signs ai e present , and the institution of immedi- 
ate diainage 


SUMMARY AND CONCLUSIONS 

(1) The pioblem of diffuse and localized bile peiitonitis is discussed to- 
gethei with a piesentation of eight cases 

(2) An outline of the vaiious ways in which this complication may aiise 
IS piesented togethei with a discussion of the lesultant pathology 

(3) The moitahty is high, ranging fiom 50 to 75 per cent in the lepoited 
clinical cases The mortality m oui senes uas 62 pei cent 

(4) Tieatment demands exploiation as soon as the condition is suspected. 
With suigical diainage and eneigetic postopei ative therapy 
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BLACK WIDOW SPIDER BITE 

H T KiebY'Smith, M D 
Sewanee, Tenn 

FROM THE EMER VLD-HODOSON IIOSPITAI 

The ErrECT of the bite of Latiodecfus Mactans, or Black Widow spidei, 
IS not in itself a suigical .pioblem Howevei arachnidism is occasionally 
mistaken for an acute abdominal condition lequiiing immediate operation, a 
mistake compi ehensible in view of the extieme seventy of abdominal pain 
following Black Widow spider bites, the difficulty of obtaining an ade- 
quate bistoiy aftei the onset of seveie symptoms, and the frequent failuie of 
the victim to attach importance to the compai atively slight sting of the 
actual bite or to associate it with the excruciating abdominal ci amping which 
begins shoitly afterwards 

The Black Widow spidei bite and its symptoms have been known to 
some extent foi many yeais,-’ but only within the last 14 years has the fie- 
quency of the condition been lecognized and lepoited Dm mg this peiiod a 
nuinbei of ai tides dealing with the subject of aiachnidism have appeared in 
vaiious medical peiiodicals but only twice have surgical journals published 
leports on the subject Because the Black Widow spider bite is far more 
fiequent than was foimerly supposed and because its symptoms simulate an 
acute abdominal condition, the following discussion is offeied 

In the senes of 24 cases heiewith tabulated, 15 weie collected from the 
lecoids of Vandeibilt Hospital, Nashville, Tenn, from 1925 to 1939, and 
nine cases weie seen by the writer dm mg five years of private piactice from 
1935 to 1940 An examination of the case repoits will reveal the following 
salient facts 

No cases weie lepoited pnoi to 1933, and since that time the ntimbei seen 
and 1 eported each yeai ai e as follows 

1933-1, 1934-1, 1935-2, 1936-4. 1937-7. 1938-5. 1939-1. 1940-3 

In 14 of the 24 cases the Black Widow itself Avas actually seen In the 
othei ten cases the histoi y and subsequent course of symptoms leave no doubt 
that they weie cleai and authentic cases of Black Widow spider bites 

The location of the bites is of inteiest Eleven were bitten on the penis, 
foui on the buttocks, one on the sciotum, one on the thigh, four on the aims 
and hands, one on the chest, one on the knee, and in one case the site was not 
mentioned Sixteen of the victims weie bitten while in a pnv}, two inside a 
house, two on a poich, and only four out of doors 

The bites occuiied duiing the horns of darkness in 13 cases, dining the 
daytime 111 nine cases and no mention is made of the time in the other two 
cases 

Iheie IS no significance in age-gi ouping, there being one patient 14 

months old, and one 78 yeais old, with a scatteiing of dififeient ages between 
the tA\o 
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It IS interesting to note that 22 of the cases weie males, theie being only 
two females bitten 

The onset of symptoms varied fiom five minutes to two and one-half 
hours following the bite In the majority of the cases seveie pain was felt 
within 30 minutes As a lule, pam continued for a consideiable period of 
time The time of disappearance of pain was lepoited m 20 cases, the dura- 
tion of time vaiying from one to three days The average duration of pam 
was 24 houis 

The time of year seems to be closely i elated to the numbei of cases seen 
111 this senes of cases the season extends from April thiough October The 
following aie the figures foi the numbei bitten each month 
Apiil-2 , May-3 > June-5 , July-i , August-5 , Sept -3 , October-5 

One patient was bitten twice, both times on the penis while in an outdooi 
privy There was an interval of 41 days between the two bites The symp- 
toms following the second bite weie less seveie than those which succeeded 
the first This fact is piohahly attiibutable to the amount of venom injected 
rathei than to an acquiied immunity as, accoidmg to D’ Amour, immunity is 
acquiied slowly and after lepeated injections of the venom 

In the series reviewed, one fatality occmied, and one case in which mis- 
taken diagnosis led to celiotomy Both of these cases aie heiewith repoited 

Case I — Fatohfy Hosp No 15034 W D , white, male, age 69, was admitted to 
Vanderbilt Hospital at i 00 P M , June 28, 1937 He had been treated m the Out-Patient 
Clinic intermittently since June, 1935, for Inpertension, arteriosclerosis, duodenal ulcer, 
and aithritis of the lumbar spine He had been feeling quite well until seven and one-half 
hours before admission At that time he had been bitten on the scrotum by a “small 
black spider” while he was sitting m a privy About 15 minutes after having been 
bitten he had a stinging sensation on the scrotum which was followed by severe deep pains 
in the upper thighs The pain spread dow'iiwaid to the knees and up into the abdomen 
to the level of the umbilicus He consulted a physician and one-half hour before ad- 
mission to the hospital w'as given gr 1/16 dilaudid, and gr 1/150 atropine 

Examination revealed a fairly obese, elderly man, lying rather quietly in bed, com- 
plaining of pain in the lower abdomen, genitalia, lower back and upper thighs The 
important physical findings were tortuosity of the retinal vessels, thickening and tortuosity 
of the peripheral arteries, blood pressure 194/86, and a small red pinpoint area on the 
scrotum, presumably w'here the bite had occurred The abdomen ivas onlv moderately 
rigid, with some tenderness in the lower quadrants R B C 4,680,000 , W B C 10,000 , 
hemoglobin 14 gm , differential count normal Pulse 80, temperature normal 

Shortlv after admission the patient was given 10 cc of 10 per cent solution calcium 
gluconate intravenously, without appreciable relief being afforded The only lelief 
obtained was from hot baths, and this w'as temporary At 7 00 P M 2 cc of 50 per 
cent magnesium sulphate was given intramuscuiarlv At 8 00 P M 1/6 gr morphine 
W'as given At 9 30 P M 20 cc of calcium gluconate was administered inti avenously and 
1/4 gr morphine was given at the same time At ii 00 P M 2 cc of 50 per cent mag- 
nesium sulphate was given intravenouslv and 1/4 gr morphine given subcufaneouslj All 
this medication affoided very little relief The patient became cyanotic and, m spite 
of the administering of caffeine sodium benzoate and adrenalin, he died at i 40 A M the 
follow'ing morning At no time was there any indication of cardiac enlargement or pul- 
monary edema An autopsv w'as not granted 

The following is a biief case lepoit of a patient upon cvhom a celiotomy 
W'as peifoimed following a mistaken diagnosis 
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Case 2 — Hosp No 80568 H J , white, male, age 40, was admitted to Vanderbilt 
Hospital, August 28, 1936, complaining of severe abdominal pain of three hours’ dura- 
tion The attack began with a cramping in the abdomen necessitating a bowel action 
and, after returning fiom the out-door privy, the pam became much worse In an hour 
he was suffering severely Because of this he came to the hospital and was admitted 
three houis after the onset of pain Further questioning revealed the fact that four 
years previously he had had an attack of abdominal pain assoaated with hematemesis 
and was told that he had a stomach ulcer 

Examination on admission showed a middle-aged white male m severe pain, in fact, 
so severe that a careful history was hard to obtain He was complaining of pain m the 
abdomen, back, and neck The significant physical finding was limited to the abdomen 
which was board-like The pulse and respirations were increased , temperature normal , 
W B C 6,900 , urine negative A roentgenogram of the abdomen, in an upright position, 
showed no air under the diaphragm Picopciatwe Diagnosis Ruptured peptic ulcer 
The abdomen was opened and nothing of significance was found 

The following day, when the patient was more comfortable, a careful history re- 
vealed tllre fact that he remembered having been bitten while in the privy and having 
seen a black spider He did not think of attributing his abdominal pain to this cause 
His recovery following the operation was uneventful and he was discharged from the 
hospital after nine days 

The Spide) — The Black Widow spider, or Lati odcctus Mactans, has been 
found in all the states of the United States with the exception of Vermont and 
in Canada It is frequently found near human habitations but also lives in 
woods and fields It has a pieference foi piotected places In the wi iter’s 
experience, specimens have been easily found in basements and out-buildings, 
undei boards and locks and m cans and pipes As a lule, the spiders are 
not found m laige numbeis m old buildings where the basements and cor- 
ners are filled with old webs but they aie easily discoveied m new, clean 
basements 

The Black Widow is a common spider During the summer of 1938 the 
wiiter killed moie than 20 in and around his house m Winchester, Tenn 
During the summer of 1937 a neighboi found more than 80 spiders m his 
house or adjacent out-buildings D’Amour and his associates^® collected 6,500 
specimens in the couise of one summer while studying the effects of Black 
Widow venom In a lettei leceived recently from Shaip and Dohme, of 
Philadelphia, m leply to an inquiiy legarding the manufactuie of antivenin 
Latiodectiis Mactans the following statement was made “We have experi- 
enced no difficulty in obtaining Black Widow spideis Dm mg the summer 
months they occui abundantly in low lying fields on the coastal plains of the 
Middle Atlantic States ’’ 

In view of the tiemendous number and wide distribution of these spiders 
It would seem that surprisingly few persons are bitten The explanation is 
apparent if the actions of the spidei are observed When the web of a Black 
Widow is distuibed she retreats with rapidity and even when cornered she 
seldom makes a show of resistance or offeis to bite Ordinarily, a buman 
being IS bitten only wben tbe spider is crushed against the body 01 when the 
web is distuibed m the dark or under some othei condition which causes the 
spider to mistake the distuibing object for its usual piej^ Sometimes a per- 
son is bitten in bed, presumably when he mashes the spider Occasionally 
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one IS bitten when lifting boaids or rocks More frequently bites occur when 
the web is distuibed in the daik as indicated by the laige number of patients 
bitten at night in privies when the web is agitated and the spider attacks with- 
out seeing what object has been entangled 

The Black Widow is easily identified It is the female of the species that 
IS poisonous and there is no othei spider that is at all sinnlai m appearance 
The inatuie female is solid black and has a laige spheiical abdomen and long, 
strong-looking legs On the veiitial suiface of the abdomen is a blight led 
houi -glass maiking The adult male has legs of the same type but a much 
smallei body Its mai kings are quite diflfeient, theie being white, orange and 
blown bands and spots on its body and contiasting light and daik bands on 
its legs The smaller, immature females have a row of red dots on the doi sal 
suiface in addition to the led hour-glass maiking on the vential side When 
fiist hatched the male and female aie identical m appeal ance but as moulting 
progresses they assume then respective chai actei istics 

The web of the Black Widow is easily identified It has no legulai pat- 
tern Its thieads are coarse and iiiegularly spaced There is no well-de- 
veloped funnel hiding aiea 

A complete discussion of the chai actei istics and life histoiy of the Black 
Widow spidei can be found in a publication by D’ Amour and his associates,^*^ 
and also in an article by Blair 

The Black Widow is aimed with a pair of hollow fangs connected to a 
pair of poison glands The latter are located in the cephalothoiax just be- 
hind the eyes Microscopically, they are composed of a basement secreting 
layei of cells with a sui rounding layei of muscle^® The lattei structure is 
consideied to be important and it is thought that the muscle layei is subject 
to the active contiol of the spider, the amount of venom injected being thus 
1 egulated 

Studies by D’Ainoui and his associates show that the aveiage adult fe- 
male spidei cariies venom m its poison sacs which, when diied, produces 
0064 mg of solid lesidue One-fouith of this amount of venom when dis- 
solved and injected into young lats will kill about half the number treated 
Ihe venom retains its potency when dried but deteriorates rapidly m solu- 
tion Using moitahty statistics, they conclude that, weight for weight. Black 
Widow venom is 15 times as toxic as the venom of the rattlesnake 

Syiupiouis and Tj catnicjjf of Black Widow Bites — The course of symp- 
toms following the bite of a Black Widow spider is striking Usually the 
victim IS 111 extieme pain when fiist seen, and is unable to remain still long 
enougb to be examined properly The greatest pain is centered 111 the ab- 
domen with some involvement in the back, hips and lower chest The pain 
usually begins in the muscle groups nearest the site of the bite and spreads 
tow aid the abdomen If the bite is on the hand, the forearm, upper arm, 
sliouldei , chest and abdomen are successively involved If the bite is on the 
genitalia as is fiequently the case, the pain is in the hips and thighs fiist, 
spieading latei to the back, abdomen and loivei chest 

In a t}pical case the patient gives a history of having felt a bite or sting, 
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like the sting o{ a wasp or the puck of a splinter The bite may be ignoied 
and recalled only when the patient is questioned dnectly Usually within 30 
minutes, sometimes aftei a longei peiiod, the victim begins to have a dull 
Clamping m the muscle gioup neaiest the site of the bite By the time the 
pain has spiead into the abdomen, back and lowei chest, it is veiy seveie and 
equals 01 exceeds that of luptuied peptic ulcei, kidney colic, acute appendi- 
citis 01 coionaiy occlusion 

Examination leveals obvious pain The abdomen is boaid-hke but moves 
with respiiation Latei, pulse and lespirations are somewhat mci eased Tem- 
peiatuie is usually noimal dm mg the fiist few houis but may become slightly 
elevated latei Theie may be nausea 01 vomiting but these symptoms do not 
necessaiily appeal 

The bite usually pioduces no local signs 01 symptoms but sometimes the 
fang marks can be seen — small led dots and, m delicate tissues such as the 
lienis, a ver)r small ai ea of local edema is seen 

The vaiioLis laboiatoiy pioceduies do not aid mateiially m the diagnosis 
Theie is apt to be a model ate leukocytosis but this is not constant The red 
blood count, hemoglobin, diffeiential and uime examination show no signifi- 
cant changes The spinal fluid piessuie may be elevated but is normal as to 
cellular elements 

Moiiflnne is usually given It affoids little lelief and is usually lepeated 
Othei types of tieatment aie described below Aftei seveial houis the pain 
is somewhat abated but may recui m milder chaiactei for as long as two or 
thiee days 

Because of the seventy of the pain it is sometimes difficult to obtain a 
satisfactoiy histoiy If the possibility of spidei bite is not considered, a mis- 
taken diagnosis of an acute abdominal condition may be made 

A great many types of treatment have been suggested for lelievmg the 
symptoms of Black Widow spidei bites Of these none offeis consistent re- 
lief Moiphme and the opium deiivatives help only to a small extent The 
barbituiates are not effective Magnesium sulphate given mtiavenously m 
10 pel cent solution and mti amuscularly 111 25 pei cent solution is said to be 
of consideiable benefit Calcium gluconate given mtiavenously m dosages of 
10 cc of 10 pel cent solution is effective to some extent m lelievmg pain 
Lumbar punctuie has been suggested as a method of affording some relief 
In certain cases hot baths give a gieat deal of additional lelief 

Seium theiapy is m the expeiimental stage Seium from patients who 
have been bitten has been used but it is of doubtful efficacy D’Amour^® 
found that 111 rats a serum could be made which, m one cubic centimeter 
doses, would protect them against foui times the average lethal dose of spider 
venom This immunity was built up quite slowly, and m lats 27 injections of 
venom weie given over a peiiod of ten weeks 111 oidei to pioduce a potent 
seium Theie is a seium available commeicially which is said to neutralize 
the venom from 75 ® spiders This was used m ti eating one of the last two 
cases seen by the writer, the victim being, in this instance, a foui-yeai-old 
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girl The child was playing in the yaid with a tin can in which theie was 
a spidei She was bitten on the hand and in a few minutes began to com- 
plain One lioui after the bite she was seen in the hospital She was in gieat 
pain and unable to he quietly On the thumb was a small reddish area which 
was said to be the site of the bite The abdomen was rigid, the tempeiatuie 
noimal, and the pulse elevated The child’s mothei stated that the spider was 
lilack with a led spot on its abdomen A single dose ol the antivenin was 
given subcutaneously No othei medication was given In an houi the pa- 
tient was asleep and the abdomen soft She was kept in the hospital twm 
days foi obsei vation and thei e w^as no recuri ence of pain It will be interest- 
ing to note whethei similai lesults aie obtained b}'^ the use of this antivenin 
in the futuie 

End-Results — Fatalities following Black Widow spider bites are quite 
uncommon notwithstanding lepoits by Bogen,^'^ wdio collected appi oximately 
600 cases of such bites with 40 recorded deaths This would indicate a mor- 
tality rate of 6 6 per cent The records of these deaths were not obtained 
f 10111 published articles but were collected fiom death cei tificates, newspaper 
lepoits and peisonal communications 

In 248 cases, collected from the literature (references 6, 9, 14, 16, 17, 20, 
23, 24, 27, 28, 29, 33, 37, 39, 40, 41, 42, 44, 48, 50, 51, 55, 56) theie were 
no lecoided fatalities Among them was Ginsbeig who, 111 lepoiting 96 
cases, leiiiaiked than none died and that none of them was seriously ill 

Although there have been deaths resulting from Black Widow spider 
bites, a leviewf of the hteratuie fails to reveal any deaths reported in detail 

Judging fiom the cases leviewed in the present series, it appears that 
aiachnidism usually lesults m complete recovery without sequelae after a 
peiiod of thiee days or less 


SUMMARY 

(1) Twenty-foul cases of Black Widow spidei bites are analyzed as to 
age, sex, location of bite, place when bitten, appearance of symptoms, treat- 
ment, and duration of symptoms 

(2) Two cases are repoited 111 detail, one being the only fatality occur- 
iing m the senes and the other, a case in which mistaken diagnosis led to 
celiotomy 

(3) The spidei, his distribution, habits and venom are discussed 

(4) The symptoms and tieatment of Black Widow’’ bites aie discussed 

(5) Eiid-iesults of Black Widow’ bites are discussed 

CONCLUSIONS 

(1) The bite of Latrodcctus M actons, 01 Black Widow’ spider, is moie 
common than was foinierly supposed 

(2) Svmptoms of Black Widow’ bite may simulate an acute surgical 
condition 

(3) Fataht} lesulting from the Black ^Vldow spidei bite is lare 
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(4) No uniformly satisfactory treatment for the relief of symptoms has 
been found 

(5) The single case in which antivenin was used, and resulted in im- 
mediate lelief, suggests the possibility that its furthei use may afford more 
adequate lelief than has heretofoie been obtained by other methods of 
treatment 
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SEBACEOUS GLAND CARCINOMA 

Asa Beach, M D , and A 0 Sevebance, M D 
San Antomo, Texas 

Tins PAPER IS a discussion of an inteiesting malignant tuinoi of sebaceous 
gland oiigin, with a case lepoit of such a tumoi that aiose in the fifth toe of 
the light foot We feel that the location, the somewhat unusual type of tumor, 
and the pioblem aiising m the choice of tieatment aie worthy of leporting 
Since the type of theiapy foi tumoi s depends upon then histology, the 
pathologic diagnosis should be accuiately detei mined Tumoi s that may 

metastasize demand some vaiiations m tieatment fiom those which do not 
Theie aie two diveigent opinions legarding sebaceous gland tumors Stout,^ 
Daiiei,- and LaCassagne,^ feel that these tumors lesemble and behave like 
nonmetastasizing basal cell epithehomata Daiiei, and Favie, ct al'^ assume 
that the hpoid mateiial m these tumoi s is a degeneiative change in the tumoi 
cells Stout IS 111 favoi of the view that the sebaceous epithelioma is simply 
a specialized fonn of the basal cell gioup of tumoi s in which theie is some 
tendency foi the cells to lepioduce sebaceous epithelium On the othei hand, 
Hagedooi n,'’ and Pages ei al ® believe that they are malignant tumors of 
sebaceous gland oiigin and may metastasize 

About the middle of the last centuiy, Malheibe and Robin' fiist lecognized 
cancel s coming from sebaceous glands , hon evei , the fii st i eported case of 
which we find a complete lecoid w'as that of Allan e,® in 1891 In 1922, 
Menetiiei and Ischw'all'-' lepoited twm similar tumors occuiring on the ala of 
the nose and on the chin m a man, age 50 In a discussion of this papei , Dariei 
said they w^eie only basal cell epithehomata Masson and Geiy,^° m 1922, 
lepoited foul sebaceous epithehomata, one of the foiehead, one of the ala of 
the nose, and twm of the scalp These authois aie of the opinion that many 
basal cell tumoi s come fiom sebaceous glands and in most instances display 
regressive metaplasia and lose their sebaceous charactei istics When they 
letam these lipoid elements they aie considered tiue sebaceous epithehomata 
IMasson expi esses the belief that any epideimal cell is totipotential and may 
give use to a sebaceous epithelioma, so that it is not necessaiy to have seba- 
ceous glands m a legion fiom wdiich a sebaceous epithelioma aiises In 1924, 
Giynfeltt’^^ lepoited an ulceiated tumoi of the ala of the nose It w^as his 
opinion, howevei, that this tumoi was a basal cell epithelioma containing areas 
of the sebaceous type While it is geneially accepted that the average basal 
cell tumoi does not metastasize, neveitheless it must be boine in mind that 
such tumoi s can, but laiely do, metastasize We aie able to accept as pi oven 
examples the cases lepoited by Beadles^- (one case), Finneiud^^ (two cases), 
and Ivlulzer^'^ (two cases) Foity cases of sebaceous epithelioma of the eye- 
lids w^eie collected m 1926 by Moiax,^^ no details w^ere given He added 
one case of his owm Hagedooi 11,'’ in 1934, collected 59 cases of sebaceous 
epithehomata of the eyelid, and also added another case to the hteiature 
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Aletastasis occuned in the ceivical nodes in Ins patient four }eais aftex- 
surgical tieatment of the piimaiy tumoi \\ e assume that Moiax s cases are 
included in Hagedoorn s collection Piioi to 1934 eight sebaceous gland 
caicinomata nere lepoited, by five authois in locations othei than the e}ehds 
Since this contiibiition in 1934 14 additional cases have been recorded b} 
\arious authois 

Souidille^ in 1894 vas the fiist authoi to lepoit metastasis This oc- 
cuired m the pieamiculai hmph nodes He also was the fiist to leport local 
lecuiience which followed opeiation upon an nppei e}ehd tumoi 

Allan e,^ m 1891 was the fiist to use suigei} on a sebaceous gland cancel 
Without knowledge of the details of Morax s cases we ciedit Hughes^^ as the 
first to use radium theiapy, which he tiied 111 1932, following fi^e unsuccessful 
opeiations Hagedoorn^' in 1937 used ladmm as initial theiapy this A\as 
followed 111 nine months by suigeri foi the lecuiience In 1938 Pages 
ct al^ first repoited the use of roentgenothei ap\ It was dnected to the 
metastasis and postopeiatne local lecurrence of the eielid growth, with ap- 
paient success 

While not conducting an exhaustive leview of the hteiatuie we haie, 
howeier, obtained the following information fiom available souices Most 
of the patients were males oier fifty rears of age. with imohement of the 
e}elid. pimcipally the upper hd Othei locations include ala of the nose 
scalp foiehead ear chin, inammai}* legion scapular legion eyebiow*. and 
scrotum Foi the most part the tumors weie of slow giowth The treatment 
in the majority of the cases was excision Recurience after tieatment of 
the piimaiy tumoi was noted 34 times 111 18 cases In the hteratuie there is 
mention of metastases liar mg occurred fir e times m 40 cases 

Case Report — A A\hite male, age 60, rras first examined October 5 1939 He gare 
a history of a gradual enlargement of the right fifth toe that was first noticed trr o \ ears 
prcMOusly From time to time the toe suffered slight trauma The first eridence of 
more rapid enlargement was noticed in Maj 1939, this occurred after an mjur} more 
serere than usual While not painful the toe erentualK became uncomfortable because 
of pressure from his shoe There was no recent loss m weight FH There was no 
e\ idence of cancer, tuberculosis or diabetes P H There w as no historj of acute or 
chronic disease since childhood 

Plivsical Examination — The local examination showed a hard, smooth partialh en- 
capsulated tumor of the fifth toe right (Fig i), measuring 4x3x3 cm Palpation failed 
to demonstrate definite connection wnth either phalanx Firmlj adherent skin on the 
plantar surface was famtU blue, elsewhere the color appeared normal On the medial 
part of the plantar surface was a small superficial lesion that suggested a mild fungus 
infection 

Se\ eral freely movable shott^ inguinal h mph nodes w ere found in each groin In 
the inferior portion of Scarpa’s triangle on the right side, w as a hard, somew hat mo\ able 
node measuring 15x1 cm Roentgenologic examination showed a soft tissue tumor of 
the right fifth toe In the central portion there w^ere foci of calcification, no bone in\ohe- 
ment was seen (Fig 2) Clinical Diagnoses Considci cd —{1) Giant cell tumor of tendon 
sheath origin (2) Fibrosarcoma (3) Lymphangioma 

Tieatment Dr Asa Beach The tumor of the toe was enucleated October 7, 1939, 
and after histopathologic study a subsequent operation y\as performed October 10, 1939 
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This consisted of disai ticulation at the metatarsophalangeal joint Wound healing was 
normal 

Pathologic Examination — Gioss Dr A O Sev'ciance The specimen (Fig 3) is a 
tumor mass measuring 4x3 3x2 5 cm It is covered on all but one surface by thick skin 
Ihe portion of tumor not covered by skin is a pinkish-gray, mottled with small yellow 
areas A tendon attachment, one centimeter in length, enters the tumor in this region 
The cut surface of the tumor has a creamy -gray appearance, with a diffuse distribution 
of small jellow areas Deposits of calcium and zones of dense tissue are encounteied 
although most of the tumor is soft 

Mic) oscopic — Eight sections taken from diffeient parts of a slice through the center 
and from the region of incision are essentially similar The tumor cells are arranged in 
fairl}’’ laige, solid masses, small cords, clusters, and m a few instances in true acini (Fig 
4) The supporting stroma is dense fibrous connective tissue in which are seen areas of 
granular degeneration of the collagen, slight round cell infiltration, and foci of calcifica- 
tion Tumor cells are seen m lymphatics and in one slide, prepared by Masson’s tnehrome 
method, a blood vessel is filled \\ ith tumor cells Some parts of the tumor show central 
degeneration In some of the larger masses a central grouping of large, pale cells is 
seen (Fig 5) The tumor extends to the line of incision m one section, and actually 
invades a tendon It does not invade the skin 

The individual tumor cells varj moderate^ in size and shape, have finely granular 
eosinophilic cvtoplasm, and round to oval nuclei, with a slight to moderate amount of 
uniformly distributed chromatin and occasionally small nucleoli Some of the cells are 
typical foam cells with light neutrophilic cvtoplasm In the Sudan III preparation these 
cells contain many droplets of lipoid and stain bright orange Many of the other eosino- 
philic granular tumor cells also contain lipoid as shown in this fat stain Even cells m 
mitosis contain lipoid material in their cjtoplasm Mitotic figures are abundant, varjing 
from none to five per high power field and averaging two In a few of the masses there 
IS a slight tendenci to show palisading of cells perpendicular to the basement membrane 
In the stroma there is a moderate infiltration of Ijmphocvtes Sections taken through 
the wound of the toe following amputation, do not show persistent tumor cells Patho- 
logic Diagnosis Sebaceous gland carcinoma (The essential pathologic features of this 
tumor have been studied and the diagnosis confirmed b^ Dis A P Stout, of New York, 
and Shields Warren, of Boston ) 

Postopci ative Com sc — In view of the pathologic diagnosis tlie patient was observed 
and examined eveiy two weeks with particular attention to the right inguinal lymph 
nodes For a period of four months there was no noticeable increase in size, how'ever, 
on April 15, 1940, SIX months following amputation for the first time, a definite measurable 
increase in size of the haid node, measuring 25x2 cm w'as demonstrated 

A consultant concurred in the opinion that a ladical inguinal adenectomy w'as ad- 
visable, and on April 27, 1940, a solid block dissection of the right groin w'as performed, 
from above downward The only postoperative complication was prolonged drainage of 
lymph from the upper part of the w'ound 

Pathologic Examination — Gioss The tissue from the right groin is a fairlv large 
triangular-shaped mass of fat measuring 135^115 cm (Fig 6 ) From this, 16 lymph 
nodes were isolated, varyilig from 3 to 20 Mm in diameter The largest node shows 
small satellite nodules of tumor extending out through its capsule 

Mici oscopic — Seven of the 16 nodes contain tumor In general, the metastases re- 
semble the primary tumor The tumor in the nodes is less differentiated, contains more 
mitotic figures per high pow'er field on an average, and contains less lipoid material in 
fewer tumor cells as showm by the scharlach R stain Some of these lipoid-contaimng 
tumor cells are in mitosis Three of the nodes are completely replaced by tumor and 
dense fibrous stroma 

Postoperative Thciapv — The use of roentgenothci apy, for possible tumor extension 
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Fig I 



Fig 2 

Fig I — Photoglyph of tumor of fifth toe befoie opent on 
Fig 2 — Anteiopostenor and lateral roentgenogi anis of toe tumor 
showing faint shadows of calcareous deposits 
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bejond the operative site, was considered 
This treatment was stronglv urged by Dr 
A P Stout, ^ and it was instituted eight 
weeks after the groin dissection The factors 
used were 200 kv, 25 ma , 50 cm, T-S-D, 
Yz mm Cu plus i mm A 1 filtration Por- 
tals varied from io\20 cm to 15x20 cm The 
pelvic and lumbar nodes weie given 2,200 1 
each, in daily doses of 200 r Following a 
month’s delay 2,200 r were given to the 
operative site 111 11 treatments 

Folloiv-Up — Observation over a period 
of 13 months does not show anj evidences 
of persistent disease, either locallj , at each 
operative site, or m metastases Subsequent 
follow-up 24 mo after initial treatment shows 
no evidence of recurrence or metastasis 

Comment — We feel that this 
tumoi IS of sebaceous gland type, and 
has behaved like any malignant gland- 
ulai neoplasm In view^ of the contro- 
versy which this statement is likely to 
aiotise, it IS well to leview the promi- 



Eig 6 — Photograph of the deep surface of 
♦he block groin dissection showing the largest 
metastatic node cut in half 


nent featuies of this tumoi and otheis of its type Schailach R preparations 
show hpoid material in the t3q5ical foam cells, as w'^ell as in many of the othei 
tumoi cells and even in those in active mitosis m the metastases as w ell as m 
the piimaiy tumoi This latter is the first lecorded notation, so fai as w^e 
know , of this type of tumoi cell containing hpoid w hile in mitosis Definite 
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acinai formation is piesent Tumor cells are seen m blood and lymphatic ves- 
sels— a finding larely, if evei, noted m basal cell epitheliomata The dense fi- 
brous stioma, with calcification m this tumor is not unlike that seen in the scir- 
1 hous type of hi east carcinoma A characteristic common to basal cell tumors, 
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Fig 7 — rhotomicrop;rnpli 'showitiR tumor ecu'! m on inpuiml l\mi)h node on 
the nt,hl ond within the lumen of i tangentnlh cut \cin on the left 


namely, skm involvement, is strikingly absent m oui case The individual 
tumor cells do not lesemhle those seen in basal cell types for they have a more 
acidophilic cytoplasm, have a hghtei staining nucleus, and show more variation 
in size and shape of the cells 

The difFeience in clinical behavioi of the sebaceous gland caicinoma and 
basal cell epithelioma is shovn by the inci eased incidence of metastases m the 
former We kneu of six instances of metastases m 75 cases of sebaceous gland 
carcinomata, wheieas there aie only five reported metastases of basal cell 
epitheliomata in the literature 

In this investigation, \\e have assumed that the glands of Zeiss and the 
meibomian glands aie essentially similar to sebaceous glands Certain 
ophthalmologists may raise the point that these eyelid glands are not true 
sebaceous glands Howevei, they are consideied specialized deiivatives of 
sebaceous glands, and tumors arising from both types aie essentially similar 
in appearance and behavioi 

An interesting feature of this tumoi is its location m an area considered 
devoid of sebaceous glands We have not encountered m the hteiature a tumor 
of this type 111 a similar location Anothei feature woithy of mention is the 
history of lecent rapid giowth, the microscopic appeal ance of lapid cell pro- 
liferation, and the rapid development of metastasis 

We feel that in sebaceous gland carcinoma the tieatment of choice is ade- 
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quate siugical excision of the piimaiy tumoi, with subsequent piophylactic 
regional node block dissection In instances of clinical lymph node involve- 
ment a similai pioceduie should be earned out In cases in which the nodes 
aie involved, clinically oi mici oscopically, piopei loentgenotheiapy should be 
administei ed to the aiea of the lymph node dissection as well as to nodes 
which diain this legion 

The piognosis in oui case is pool, in spite of the tieatment given and the 
patient’s appaient well-being at this tune (eight and one-half months follow- 
ing gioin dissection) 

SUMMARY AND CONCLUSIONS 

(1) Foity-one cases of sebaceous gland caicinomata, with oui addition, 
have been leviewed This excludes Moiax’s 40 cases 

(2) An unusual sebaceous gland caicinoma has been discussed 

(3) The pioposed tieatment is adequate suigical excision of the piimaiy 
tumoi , 1 egional node dissection , and 1 oentgenothei apy when indicated 

We are greatly indebted to Di Arthui Purdy Stout, of the Department of Suigeiy, 
College of Physicians and Suigeons, Columbia Univeisity, New Yoik, N Y, for his 
interest, advice, and cooperation m the treatment of this patient, and in the pieparation 
of this communication 

We greatly appieciatc the aid of Dr John Pilter Heaney, of the Depaitment of 
Surgery, Piesbyterian Hospital, New Yoik, N Y, foi his assistance in the review of 
the literature, and to Dis Shields Warren and Wesley N Waivi of Boston, Mass, who 
have been veiy kind in allowing us the use of then six, as yet unpublished, cases of 
sebaceous gland carcinoma 
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RESULTING FROM COMPLETE SEVERANCE OF 
THE SCIATIC NERVE 

Graham Kernwein, M D and W F Lyon, M D 

CiucvGO, III 

FHOM the DFP\nTMENr OF bORGEIlT N OliTIUX F STEIIN ENINEIISITT, ST EUKFS TIOSPIT^L, CHICAGO, lEE 

Neuropathic joints develop in appi oximately lo pei cent of all tabetic 
patients The condition was fiist lepoited b} ChaicoP (1868), and desciibed 
by him as joint destiuction due to abnoimal stimuli, tiansmitted tbiough so- 
called ti opine iieives In 1888, Scbultze and Kablei- lepoited siniilai lesions 
occuiimg 111 syiiiigomyelia, and accoiding to Scblesingei^ the condition oc- 
curs in 30 to 40 pei cent of all peisons afflicted with that disease Packaid*^ 
lepoited the hist instance of a neuiopathic joint developing aftei a peripheial 
neive injury In his patient, ai tin opathies of the foot and knee followed com- 
piession of the sciatic neive by a tumoi Although syimgomyelia and tabes 
remain the two piincipal causes, neuropathic joints have been lepoited as de- 
veloping in conjunction with a wide vaiiety of clinical conditions For a le- 
view and classification of these the leadei is lefeiied to a leceiit lepoit by 
Shands ® 

There aie numeious lepoits of neuiopathic joints puipoited to be the re- 
sult of a peripheial neive iiijuiy ® s. *> Most of them are open to question, 
however, since the natuie of the peiipheral neive injuiy is usually not clear 
and It IS difficult to exclude the possibility of a cential nervous system lesion 
In fact Milgiam^^ doubts the existence of a neuiopathic joint as the lesult of 
a peripheial neive injuiy 

The following case of neuiopathic joint is leported because it thiows light 
on the pathogenesis of that condition 

Case Report — M L , white, male, age 22, was struck in the left thigh by a red- 
hot rod, December 10, 1936 The lesultant shock was treated in a local hospital Three 
days later the patient was lemoved to St Lukes Hospital and admitted to the service 
of Dr W F Lyons 

Examination of the limb revealed that the led-hot iron had pierced the soft paits of 
the posterior portion of the left thigh at about the junction of the middle and lower 
thirds It then had seared its way outward posteriorly, completely severing the sciatic 
nerve and all the hamstring muscles, but sparing the popliteal artery The resultant 
soft tissue defect was approximately 15x10x4 cm The ends of the sciatic nerve were 
separated bj’’ at least 6 cm The patellar tendon reflex was active , the achilles tendon 
reflex absent There was paralysis in the sensory and motor distribution of the sciatic 
nerve below this point 

Treatment with warm moist saline dressings was instituted and the wound re- 
sponded promptly Skin giatts were applied and by February 20, 1937, the wound was 
complete!} healed The patient was discharged from the hospital, walking with the 
aid of Clutches 

Knee joint stability was maintained by the intact quadriceps muscle group The 
ankle joint was ataxic, anesthetic and relaxed 
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Despite these handicaps, he soon learned to walk without aid He returned to work 
in August, 1937 As a result of weight-beai mg on, and undue traumatization of, this 
relaxed, paralyzed and anesthetic ankle joint, there soon developed a marked varus 
defoimity, accompanied by a dependent edema 

Late in February, 1938, there appeared, quite suddenly, more than the usual amount 
of swelling The patient remained in bed with the limb elevated During the ensuing 
week he developed chills and fever Three weeks later, April n, 1938, having failed to 
improve, he was readmitted to St Lukes Hospital 

Except foi the left leg, the physical findings were negative 

On the posterior surface of the left thigh was a constiicting cicatiix, 10 cm wide 
It began just above the popliteal space and extended proximallj foi a distance of 15 cm 
The upper 4 to 5 cm of this scar were hyperesthetic, the remainder hjqicsthetic Below 
the lowei border of the patella, the portion of the limb innervated by the sciatic nerve 
was completely jiaiahzed and aiiesthetic The soft tissues here were markedly swollen 
They did not pit but had the brawnj 1 esistance usually associated with lymphedema The 
ankle region was huge and fluctuant Some of the fluid was removed foi culture and 
microscopic examination 


ML\SURr\tI NTS 

Left Right 

Midtarsal joint region 24 cm 20 cm 

Maximum ankle circumference 48 8 cm 25 4 cm 

Circumference of calf 43 8 cm 37 S cm 

The foot lay at rest in an inverted position Manipulation of the foot retealed com- 
plete absence of supportive structuics of the ankle joint, with resultant maikedh increased 
range of motion In addition, a distinct crunching tjpe of crepitation was felt 

Roentgenologic Examination — Confii matory, roentgenologic evidence of the relaxa- 
tion of the ankle joint, noted on jihysical examination, is found in the altered configura- 
tions of the joint There is moderate separation of tibial and astragalar shadows in 
the mesial and anteiior poitions of the angle joint The foot is so plantar flexed that 
at the angle the AP view is taken, both the anterior and posterior lips of the articular 
surface of the tibia are Msualized 

The size of the shadow cast by the soft tissues is mci eased, paiticularly in the 
lateral view The increased density of the shadow about the ankle joint proper and 
obliteration of the shadow of the intermuscular fat planes, attests the presence of a joint 
effusion with rupture into the suiiounding tissues Disseminated tlnoughout this effusion 
shadow aie many discrete regions of greater density (A) Their ii regularity m size 
and shape is due to their oiigin Thev were found to be particles of bone fractured from 
the joint sui faces and floating freely m the joint In the lateral view, shadows of 
nunieious discrete particles are cUisteied together along the plantai suifaee of the foot to 
form a well circumscribed band (B) This is the sheath of the flexor hallucis longus 
tendon, distended with fragments of bone and blood 

Radiating spicules of periosteal new bone are seen along the mesial cortex of the 
tibia and lateral cortex of the fibula (C) There is some hazy increase in density of the 
intenoi of the lower 2 5 cm of the tibia In the AP view of the lateral half of the 
tibial articulating surface, the bony articular cortex casts a dense, regular shadow 
Mesially the shadow of the bony articular cortex is reduced in density Here, there is 
a well-circumscnbed 1 egion of moderately decreased density about i 5 cm in diameter 
which IS not seen m the lateral views (D) The shadow cast by the tip of the internal 
maleolus is irregularly eroded and the size of the maleolus reduced 

Evidence of marginal erosion of the cortex is seen in the lateral view of the anterior 
surface of the tibia (E) and m the AP view of the lateral surface of the tibia (F) and 
in the mesial surface of the astragalus (G) In the AP view, the shadow of the bony 
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Fig I — '\P "ind liteinl view of inkle Disseminated tliiougliont the soft tissue 
shadows iie miineious disci ete legions of greater densit> (A) the reninants of honj 
particles fractuied fioni the joint surfaces Siniilai particles filled the distended sheath 
of the flexoi hallucis loiigus and then shadows form a disci ete band (B) seen in the 
lateral view Radiating spicules of periosteal new bone (C) aie seen on mesial sutface 
of tibia and lateial suiface of fibula A well circumsci ibed region of decreased density 
(D) IS seen on the mesial articulai suiface of the tibia, laterally, the bony irticulai 
corte\ casts a dense legular shadow' hlarginal eiosion is seen at E, F, G The shadow 
of the bonj aiticular coite\ of the astiagalus as seen in the later il view is paitially de 
strojed anterioiK In the underUing bone theie is an in egulailj shaped region of 
decreased densitj about i cm in diametei (H) 



Tig 2 Photograph of the gross specimen with most of the soft tissues dissected 
sheath of the flexoi hallucis longus (A) has been blocked out, and the 
nodules (B) studding its lining have been retouched (C) An oval defect in the anterior 
mesial sui face of the tibial cortex Externally it communicated with the extensor tendons 
of the toes Intel nalK it communicated with a cavity in the tibia which is seen as region 
of decreased denslt^ (D) in Figure i 
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aiticular cortex is hazy over most of the articulating surface of the astragalus The 
shadow of the bony aiticulai coitex of the astragalus, as seen m the lateral view is 
partially destroyed, anteriorly In the undei lying bone there is an irregularly-shaped 
region of decreased density about i cm m diameter (H) The smallei tarsal bones and 
joints are essentially unchanged Roentgenologic Diagnosis Neuropathic joint 

Laboiafoiy Data RBC 3,490,000, Hb 124 Gm , WBC 10,000 Blood culture, 
neg , Wassermann and Kahn tests, neg , fluid aspiiated from ankles, cultures, smears and 
stains for T B C and pj'Ogemc organisms, neg Sedimentation rate 15 mins 7 Mm , 
30 mins 24 Mm , 45 mins 26 Mm , 60 mins 27 Mm 

Because of tlie complex clinical picture, tiiat is, elephantiasis as a result of the con- 
stricting thigh cicatrix, loss of sensory and motoi nerve supply throughout the sciatic 
distribution below the patella, and marked bone and joint changes, the leg was amputated 
at the knee May 4, 1938 

Pathologic Examination — Gioss The specimen consisted of a lower limb, disarticu- 
lated thiough the knee joint, devoid of skin and subcutaneous tissues m the proximal 
15 cm (stump flaps) The skin had the distinct “pcaii d’oiangc” appearance, and the 
soft paits the biaw'iiy resistance characteristic of lymphedema There w'as no pitting 
edema The diameter of the leg w'as increased throughout, being greatest in the ankle 
region wdiere it measured 42 cm in ciicumference The foot w'as in a moderately in- 
verted position, dorsi and plantar flexion were increased, and there W'as a marked crunch- 
ing crepitation associated wuth the abnormal, lateral motion wdiich w'as present 

Beginning 3 cm above the internal malcolus, the sheath of the flexor hallucis longtis 
was enlarged (Fig 2) It extended below the maleolus and forward along the plantar 
surface of the foot, to end 2 5 cm from the point of insertion of the tendon It was filled 
with fragments of detached bone and clotted blood (Fig iB) Connecting this sheath 
with the distended joint capsule, mesially, there was a sinus 05 cm in diameter Another 
sinus extended out into the subcutaneous tissue, posteriorly, to end blindly The wall of 
the sheath was 12 cm thick, and the lining was studded wnth myriads of nodules from 
0 I to 0 3 cm in diameter and elevated 01 to 0 2 cm 

Mici oscopicallv, the tendon sheath was composed of two quite distinct lajers The 
outer, 0 6 cm thick, w’as loosel3' arranged, edematous fibrous tissue Disseminated 
throughout were numerous blood vessels Lining each of these -vessels w'as a single 
layer of cuboidal endothelial cells Clustered about these capillaries w'ere foci of 
chronic inflammatoiv cells, small round cells and plasma cells predominating Some 
macrophages, containing large brown-staining granules weie also seen 

The inner layer was also approximatelj 0 6 cm thick The surface w’as throw'ii 
into folds comprising the nodules, seen grossly (Fig 2B) The> consisted of m>riads of 
closely packed erythrocytes, polymorphonuclear neutrophils, round cells and plasma cells 
lying m a loosely arranged fibrillar stroma In addition, disseminated throughout, were 
spicules of dead bone then surfaces 11 regularly serrated Near these spicules and in 
some instances lying in contact witli them, w'Cie multinuclear giant cells of the foreign 
body type 

In the fatty and fibrous tissue below and behind this distended tendon sheath w'as 
an encapsulated hematoma about 3 cm m diameter The sheath of the peroneus longus 
tendon w'as enlarged to as much as i cm m diameter throughout the 4 cm just opposUe 
the distal end of the fibula It w'as filled with fragments of detached bone and clotted 
blood and connected w'lth the joint by a sinus 03 cm in diameter 

The capsules of the tibio-astragalai, subastragalar and fibula-astragalar joints weie 
destroyed Instead, one joint had been formed enclosed in a capsule w'hich extended 
from the tibia to the calcaneous mesially, and from the fibula to the calcaneous laterallj 
It was filled with a viscid serosanguineous fluid, in which floated the astragalus and 
innumerable spicules of detached bone The walls w'ere 0 7 cm thick and covered with 
clotted blood 
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The ankle joint was exposed by cutting in a coronal plane through both malleoli 
at about their midportions In this manner the calcaneous, the astragalus, the distal 13 
cm of the tibia and fibula as well as their lespective joint surfaces were visualized 
(Fig 3A) Foi purposes of desciiption, the bones and then joints were divided into 
the nine regions as indicated in Figure 3B (a microscopic slide of the entire region) 

In this plane the foot was 111 a model ate, varus position The mesial side of the 
tibia was, therefore, the weight-beai ing portion Here the hyalin aiticulai cartilage was 
completely destroyed for 3 cm , the underlying bone had been gouged out to form a 



A B 


Fig 3 — (A) A coronal section through the lower third of the leg and 
underljing tarsal bones The plane passes through the posterior margin of 

the caMt> seen at D in Figure i (B) A microscopic section through the 

same coronal plane Photomicrographs were made of the designated regions 

pyiamidal-shaped defect, its base 3 cm and its vertical height 2 5 cm (Fig iD) The 
apex of this cavit}’’ opened through an oval defect 111 the cortex of the anterior mesial 
surface of the tibia and communicated tvitli the sheaths of the extensor tendons of the 
toes (Fig 2C) Filling this cavity and the distended tendon sheaths was a mass of blood 
and detached fragments of bone 

The micioscopic changes in the joint surface at region A of Figure 3B are shown 

111 Figure 4 There was a marked destruction of bone and caitilage without attempt at 

bony repair 

Laterally, in the nonweight-bearing portion, the hyalin aiticular cartilage, although 
preserved, was deeply pitted and thinned out to i Mm or less (region B, Fig 3B) 
Figure 5 IS a photomicrograph of region B showing the junction of the mesial tibial cortex 
with the hjaliii articular cartilage The bone and cartilage A\ere undergoing resorption 
bj subchondral granulations There was, however, a minimal amount of new bone 
formation 

The superior articulating surface of the astragalus was completelj devoid of hyalin 
articular cartilage The denuded spongj bone was stained red-brown with formalin-fixed 
blood and so shaped that the irregularities of its surface interdigitated with those of the 
tibia (region C, Fig 3B and A) The marked destruction of bone and cartilage of the 
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superioi aiticulating suiface of the astragalus is seen in Figure 6 As the astragalus 
was floating in the pathologic joint space, it was without a blood supply Despite this 
fact, onlj the bone sand was without lacunar cells Considerable new bone formation 
was present in the deeper portions Calcification of these osteoid deposits would help 
pioduce the characteristic sclerosis seen in the loentgenogiams 

The subasticigalai joint showed relatively few changes The aiticular cartilage was 
deeply pitted and reduced to o i to 02 cm in thickness (region D, Fig 3B) 


Fig 4 



Fic 5 

Fig 4 — (Region A of Fig 3 B) The honj nrticuWr cortex Ins been 
Jargel) destrorecl "ind onh fiagments of the calcified articular cartilage (A) 
remain The nianow is denselj fibrous alid contains focal regions of lound 
cell infiltiation (B) as well as numerous siucules of bone sand (C) The sui 
face of m in> of these latter is serrated with lacunae in some of which giant 
cell osteoclasts are seen (D) 

Fig s — (R egion B of Fig 3 B) Marginall>, there is subiienosteal and 
subchondral iniasion b> a chionic tjiie of granul ition tissue (A) with 
destruction of the articular cortex and hcginning iinasion of the articular 
cartilage Osteoblasts ire seen on the surf ice of some of the trabeculae (B) 
The marrow is a mixed fattj and fibrous tjpe (C) Focal regions of degen 
eration of the marrow do not show in these photomicrographs Immediatelj 
beneath the cortex there aie a few spicules of newh formed endosteal bone 
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Figure 7 shows the region of transition from living to neciotic cartilage, on the 
inferior articulating surface of the astragalus Where the bony articulai cortex was 
intact, the overlying cartilage cells and matrix stained well (A) The bony trabeculae 
beneath this region weie hypertrophied (B) These trabeculae cast a denser than 
normal shadow m the roentgenograms Thus, they too would contribute to the sclerosed 
appearance of some of the bone Immediately adjoining this was the lateral limit of the 
area of this surface of the astragalus, which received the maximum trauma Here the 
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Fig 6 — (Region C of Fig 3 B) The articuHr cartilage and 
bony articular corte'^ have been completely destroyed Instead a 
densely fibrous tape of tissue (A) coaers the surface of the joint 
and fills the marroaa spaces In the depths are numerous frag 
ments of so called bone sand (B) and considerable osteoid tissue 
(C) In most instances the particles of bone sand act as a nucleus 
for the osteoblasts’ actiaitj 

cartilage was necrotic, its cells and matrix staining very poorlj’^ This necrosis was the 
result of interference of nutrition fiom the synovia, but mostly from trauma Sub- 
chondral granulations were present throughout the entire extent of this necrotic cartilage 
They had destroyed most of the bony articular cortex and invaded and thinned the 
cartilage by absorption from below Their presence here, as in rheumatoid and tuberculous 
arthritis, is best explained as a foreign body reaction to sequestrate and attack the 
neciotic cartilage 

Figure 8 — region E, is a microscopic stud 3 ' of the opposing surface of the calcaneous 
Regional hypertrophy of bony trabeculae, subchondral cavitation and marked destruction 
of the articular cartilage closely parallel the changes seen in degenerative arthritis 
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A panus covered most of the articulating surface of the fibula and the marginal 
portion of the opposing surface of the astragalus In the region of the panus, the 
cartilage had a fibrous appearance The subchondral spongy bone of the tibia and fibula 
was stained red-brown with hemorrhage for a depth of as much as i 5 cm A similar 
discoloration was present throughout most of the astragalus and calcaneous There was 



Tio 7 — (Region D of Fig 3 B) The nrticuhr cartilage is markedl> thinned and 
its surface irregular and fibrous In some places the bonj articular cortex remains in 
tact (A) and the underlying bom trabeculae are hypertrophied (B) In neighboring 
places (C) there is a denseh fibrous type of granulation tissue which has destroyed the 
articular cortex and is in\ading and resorbing the o\erlying cartilage Focal regions of 
degeneration and round cell infiltration are present but not seen at this power Where 
the articular cortex is intact the articular cartilage stains well, where it is absent the 
articular cartilage stains poorh 

a subperiosteal bony thickening, some of which was ossified This extended along the 
distal 9 cm of the lateral suriace of the fibula and distal 8 cm of the mesial side of the 
tibia (X of Fig 3A and B) 

Figure 9 (region F of Fig 3B) shows the inferior marginal portion of the lateral 
articular surface of the astragalus Destructne changes were minimal, as this region 
was subjected to relatively little trauma 

Figure 10 (region G of Fig 3B) shows the articular surface of the fibula Despite 
the fact that this region was subjected to relatively little trauma, the changes in the 
cartilage were marked A panus, containing numerous foci of round cells, covered the 
surface of the articular cartilage and was invading and destroying it Subchondral in- 
vasion by gianulations was minimal These changes closely resemble those seen in 
proliferative arthiitis 

Figure 3B — region H, shows a spur of periosteal new bone on both sides of the 
calcaneous It was situated at the point of attachment of the joint capsule These spurs 
were the result of elevation of the periosteum by the over distended and relaxed joint 
capsule Figure ii is a high power magnification, showing the lateral, periosteal spur 
and the underlying foci of endosteal new bone 

As a result of the peculiar gait of the patient, the base of the calcaneous was re- 
peatedly traumatized Evidence of this trauma is seen m the formation of periosteal new 
bone (region I, Fig 3B and Fig 12) This new bone may be likened to a very early 
calcaneal spur 
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Lining the joint capsule is a markedly cellular and vascular granulation tissue 
Disseminated thioughout are numerous particles of bone sand, their lamellae devoid of 
cells and their edges deeply seriated by the osteoclastic activity of the sunounding granu- 
lation tissue Present, also, aie numerous large- and medium-sized foci of round cells 
giving it much the same appearance as has the synovial lining in rheumatoid arthritis 



Fig 8 — (Region E of Fig 3 B) (A) is the subcorticil cavitj seen m 
Figure 3 B It contains an inflammatory t>pe of exudate (B) The o\ei 
'jing cartilage (C) and bony articular cortex (D) are largely destroyed 
Laterall), the bony trabeculae are hypertrophied (E) , mesially, the margins 
of the trabeculae are serrated, the marrow is fibrous and there is bone resorp 
tion (F) 

Ducussion — Theie aie thiee theoiies of pathogenesis advanced to cover 
some or all cases of neuropathic joints The fiist, the chief pioponents of 
which are Herndon, McCallum^^ and Staigardt,^^ contend that neuiopathic 
joints in tabetics develop as a lesult of injuiy to a neive and a low giade 
spiiochetal infection of the joint itself Opposing this theoiy aie the follow- 
ing facts Caieful search, in a large number of cases, has failed to leveal 
either the spirocheta pallida or othei evidence of syphilitic infection , there 
IS both clinical and expei imental evidence that ceitam othei factors, common 
to tabes and to syi ingomyelia, aie leally responsible foi the development of 
neuiopathic joints, the joint lesions seen in conjunction with syi ingomyelia 
and peripheral nerve injuries are similar in all lespects to those piesent in 
Cliai cot’s joints 

The second, the tiophic theoiy, consideis some distuibance m the neivous 
trophic legulatory mechanism as the factoi of piime etiologic impoitance 
In support of this theory, Warttenberg^'* cites the following pathologic altera- 
tions as being present m the neighboihood of unilateial Chai cot’s joints Ele- 
vation of local tempeiatuie, use m venous piessure, inciease in oscillometric 
index, anomalies of sweat secietion, and distuibances in the piloineter le- 
flexes 

That the central nervous system exercises a profound influence on the nu- 
trition of all tissues seems certain There is, however, no evidence of special 
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nerves whose function is merely trophic The complex influence exerted by 
the cential neivous system is seen in the limbs of individuals with a residual 
postpoliomyelitis paialysis The skin becomes tense, thin, shiny, cyanotic and 
cold The stiiated muscles atiophy and the supporting structures about the 
involved joints lelax In childien, the bones not only become less dense, as 

_ demonstrated i oentgenologically. 


but also deciease in circumfer- 
ence, a process known as concen- 
tiic atiophy Yet, despite these 
marked “trophic” changes, neuro- 
pathic joints do not develop Sen- 
sation, the loss of which is com- 
mon to all neuropathic joints, 
lemains intact in poliomyelitis 
As the individual is not ataxic, 
joint injuiies are uncommon In 
addition, once an injury occurs, 
the attendant pain causes the in- 
dividual to piotect the part and 
thus allow It to heal 

The thud, the mechanical 
theory, contents that neuropathic 
joints aie the lesult of trauma to 
a joint, depiived of its sensation 
The results of severe trauma 
aie so well-1 ecognized, they need 
no comment That prolonged 
tiauma of a milder nature fre- 
quently produces bony changes is 
not as well-1 ecognized Brails- 
ford^^ and Kuntscher^'* have 
published i oentgenograms show- 
ing the efiFect upon bones of pro- 
longed ihythmic tiauma pioduced by pneumatic tools In Biailsford’s patients, 
well-circumscnbed legions of deci eased density developed m the metacarpals 
and carpals KuntscheA*’ believed the bony disintegration he found in the 
weight-beaiing poitions of the condyles and head of the femur closely paral- 
leled osteochondritis As the neive supply lemamed intact, these cannot be 
considered neuiotiophic lesions 

Many individuals with classical tabes dorsalis, including ataxia, hypotonia 
and loss of deep joint sensibility, never develop neuropathic joints Others, 
with bilateral sensoiy changes develop only unilateial neuropathies In the 
lattei, a history of tiauma to the afflicted limb can usually be elicited The 
severity of the injuiy is ovei looked because of the absence of pain Inade- 
quate tieatment results in the rapid development of a neuiopathic joint That 
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-(Region F of Fig 3 B) ArticuHr cortex 
(A) preserved overlviiig liyiline irticuhr cnrtiHge (B) 
stuns well is of ibout the usual thickness and Ins 
smooth surface Underlying marrow (C) is of fatty 
type Marginally (D) there is subchondral invasion of 
articular cartilage and marked destruction of articular 
cortex Here, the overlving articular cartilage (E) is 
thinned stains poorly and its surface is slightly rough 
cned 
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loss of joint sensation alone does not lesult in the development of neuropathic 
joints in the human is, theiefore, apparent That destruction of joint sensa- 
tion by cutting the posteiior roots does not suffice to produce a neuiopathic 
joint in dogs, cats, or rabbits has been lepeatedly confiimed 



Fig 10 — (Region G of Fig 3 B) The surface of the articular cartilage 
IS covered by a panus (A) which is invading and destroying the caitilage 
Disseminated throughout this panus are foci of round cells (B) Regionally, 
the bony articular cortex has been destroyed by an immature tvpe of sub 
chondral granulation tissue (C) which, in addition, is invading and destroy 
ing the articular cartilage from below The marrow (D) is of a mixed fatty 
and fibrous type A layer of osteoblasts covers the surface of manv of the 
trabeculae 

The case under consideiation suppoits the mechanical theoiy Severance 
of the sciatic neive resulted in the development of a combined motor and sen- 
sory lesion Changes appealed in the foim of maiked atrophy of the leg 
muscles and relaxation of the ankle joint due to loss of motor neive supply 
The sensory loss was charactei ized b}'^ a marked ataxia and anesthesia below 
the knee The tiauma, associated with the act of walking upon such a limb, 
was often excessive because of the absence of the piotective sense of pain 
This was sufficient to cause the joint to dismtegiate 

Roentgenogi ams of the ankle joint revealed changes typical of those 
ascribed to neuiopathic joints There was maiked destiuction of the opposing 
joint suifaces with some scleiosis but no atrophy Disseminated thioughout 
the markedly enlarged joint weie numerous fiagments of bone An unusual 
feature was the extia aiticulai migration of the bone sand causing the shadows 
m the roentgenograms As a result of stiippmg of the peiiosteum, by the dis- 
tended capsule, ladiating spicules of new bone were piesent on the lateral sur- 
face of the fibula and mesial suiface of the tibia 

SUMMARY 

A case is leported of severance of the sciatic neive at inidthigh, para- 
lyziiig the muscles of the leg and causing a loss of sensation to foot and back 
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of leg Following active use of the limb, a neiiiopathic arthropathy developed 
in the ankle joint The leg was amputated, and the diagnosis coiihrmed by 

pathologic examination The 
case substantiates the theory that 
the changes are the lesult of ex- 
cessive trauma to a relaxed anes- 
thetic joint and favors the same 
theory of pathogenesis of these 
joints in tabes and syringomyelia 
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Tig II — (Region II of I'lg 3 B) The results of 
tnutm itteiidsnt on the stretching iiid te iring of the 
cnpsiile nnd lignments sre seen in the ossification of the 
external literal ligament it its point of itticliment to 
the cilcineiis Here, there is 1 spur of periosteal new 
bone (A) as well as seaeral foci of endosteal new bone 
(B) At the level above the endosteal reaction the 
marrow is fibrous (C) whereas below, the marrow is the 
usual fattv t>pe 
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Fig 12 — (Region I of Fig 3 B) The cancellous spaces are filled with 
a fatty marrow (A) with the exception of the narrow strip of hematopoietic 
marrow (B) Some periosteal new bone formation is seen at C, the region 
which received the maximum traumatization This latter may be likened to 
a beginning calcaneal spur 
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PRIMARY RETICULUM CELL SARCOMA OP BONE 

KEPORT OF TWO CASES WITH BONE 
REGENERATION FOLLOWING ROENTGENOTHERAPY 

Chan Szutu, M D , 

AND 

ClIIH-KUANG HsIEII, MD 
PrKiNG, China 

FROM TIIJ UHMITMFNTS Ol SUHOHn \M1 UVniOIOG\ I PiriNT UNION MEDICAL COLLEGE PFKIVG, CHINA 

Until recently reticulum cell saicoma of bone has been considered a 
secondary lesion That this neoplasm may be pi unary m bone was first demon- 
stiated by Obeiling^ in 1928 Adequate coi roboration of this thesis did not 
appear, howevei, until the lecent publication of Paiker and Jackson ° These 
authois repoited 17 cases of bone tumoi, including 13 cases from the Registry 
of Bone Saicoma of the American College of Surgeons, in which they made 
the diagnosis of primaiy leticulum cell saicoma Most of these cases had 
been classified previously as osteogenic saicoma, Ewing’s saicoma, Hodgkin’s 
disease, lymphosai coma, or inflammation Aftei caieful review, Paiker and 
Jackson believed each of these lesions identical histologically with reticulum 
cell saicoma as seen m soft tissue, but pointed out ceitain characteristic dif- 
ferences m the clinical couise Simmons,'^ in a recent article, and Kuhns, 
et al 111 the Sixty-mnth Repoit of Piogiess m Oithopedic Surgeiy, also 
discussed this gioup of tumors as pnmar}' lesions of bone According to 
Ewing, ^ some of the 17 cases of puie reticulum cell sarcoma of bone reported 
by Cl aver and Copeland- were piimaiy m this tissue The Committee of the 
Registiy of Bone Sarcoma also has lecognized reticulum cell sarcoma aiising 
in bone manow as a distinct entity, and has lecommended inclusion of this 
term in the newly pioposed classification^ of tumoi s of bone 

In the Peiping Union Medical College Hospital we have observed two 
cases which belong to this gioup of piimaiy bone tumoi s, and consider them 
of sufficient interest to wan ant repoiting 

CASE REPORTS 

Case I — A Chinese girl, age 21, was first seen April 30, 1932, in the Tumor Clinic 
of the P U M C Hospital, and complained of a swelling of the left shoulder region, which 
had been present for more than two months From the beginning of 1930 she had experi- 
enced occasional pain shooting from the fingers to the shoulder on the left side The pain 
occurred from one to foui times a month, and lasted from a few minutes to a few hours on 
each occasion In February, 1932, the patient noticed a steadily increasing swelling in the 
left shoulder region accompanied by constant pain, and a mass in the left arm pit The 
motion of the left shoulder became gradually impaired until the loss of function was 
complete Numbness in the left upper extremity was never present 

There was no history of sore throat, bleeding from the nose, headache, chronic 
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Plate I 



3 


Pigs i and 2 — Case i Appearance of the tumor before treatment 
Note the diffuse swelling of the shoulder and the neck and the mass in 
the axilla The arm was slightl> abducted 

Figs 3 and 4 — Case i Appearance of the tumor hearing regions, 
six jears and three and a half months after treatment Note the small 
nodule of fibrous tissue in the axilla that has been stationary in size 
for seieral years The atrophy of the shoulder muscles is eaident 

Fig 5 — Case i Photomicrograph of a cervical lymph node showing 
reticulum cell sarcoma before treatment The tumor cells and their 
nuclei vary in shape, size and staining The characteristics of a normal 
lymph node are absent Hematoxylin eosin stain (X 1,400) 
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cough, hemoptysis, or tumor elsewhere in the body The general health apparently 
was not affected by the present illness There was no history of cancer m the family 
Physical Examination — The patient was well-developed and well-nourished, she 

Pi \te II 



ITig e rjg Q 


Pig 6 — Cise i Roentgenognm of the left shoulder tiken June 30, 1932 
just before ndntion treitment Note the nnrked destruction of the entire 
scapuH also the lateral end of the claaicle and early erosion of the proximal 
portion of the lateral cortex of the humerus 

Figs 7 and 8 — Case i Roentgenograms showing the changes in the 
involved bones during and following the radiation treatment Figure 7 taken 
Julj 16, 1932, 12 davs after the beginning of the therapy, note that the mild 
erosion of the lateral cortex of the upper end of the humerus has definitely 
increased Figure 8, taken August 29, 1932 shows progressive bone regen 
eration after tlie first course of radiation 

Fig 9 — Case i Roentgenogram taken November 19, 1938, showing the 
stationary condition of the regenerated bones 

appeared to be slightly pale, but was not suffering from acute discomfort A large, diffuse 
swelling of the left shoulder was present imolving the clavicular, supraclavicular, 
deltoid and scapular regions (Figs i and 2) The tumor was hard in consistency, 
fixed, ill-defined and not tender The overljing skin was diffusely red but not adherent 
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The left axilla contained two firm, nodular, movable masses measuring 5 and i 5 cm 
111 diameter, respective!}^ In the left lower cervical and supraclavicular regions, along 
the medial border of the tumor, were many firm lymph nodes, each about 2 cm in 
diameter The left shoulder joint could not be moved Sensory changes m the left 
upper extremity could not be detected Motion at the elbow and wrist was normal 
Roentgenograms showed extensive destiuction of the entiie left scapula, marked de- 
struction of the lateral end of the clavicle, and partial destruction of the upper end of 
the humerus (Fig 6) Evidence of pulmonary, pleural or mediastinal metastasis was 
not present Examination of othei regions of the body was essentially negative One 
of the enlaiged lymph nodes in the left lower cervical region was removed and the 
histologic diagnosis was reported as lymphosarcoma (Fig 5) The lesions m the 
bones were considered to be secondary in nature Recently, at the suggestion of Di 
H T Kimm, this case was reviewed, and m the light of current knowledge concerning 
the subject herein dealt with, the diagnosis was changed to primary reticulum cell 
sarcoma of bone with metastasis m the regional lymph nodes 

On July 4, 1932, the tumor was observed to be considerably larger and several 
new masses, each about 2 cm m diameter, were found in the subcutaneous tissue of the 
cervical and scapular regions on the right side Examination of the blood showed 80 
per cent hemoglobin (Sahli), and normal led, white, and differential counts Abnormal 
leukocjdes were not found Weight 417 Kg The blood Wassermann reaction was 
negative A test for the presence of Bence-Jones piotein in the urine was not carried out 
A series of roentgen ray treatments were administered between July 7, and Sep- 
tember 7, 1932 (Table I) The pain gradually disappeared and the swelling began 
to regress 12 days after the therapy was staited A roentgenogram taken at this time 
showed increased erosion at the surgical neck of the humerus (Fig 7) On July 30, 

1932, definite improvement of the involved bones with evidence of regeneration of bone 
was first observed roentgenologically On August 5, 1932, the patient complained of dull 
pain in the left elbow' Examination show'ed enlargement of the left epitrochlear nodes 
and roentgenologic evidence of a small area of rarefaction in the lateral cortex near 
the distal end of the humerus , these lesions subsequently disappeared following roent- 
genotherapy (Table I, Port VI) On August 16, new tumor nodules appeared in the 
posterior inferior axillary and infrascapular regions on the left side These nodules 
regressed completely after roentgenotherapy (Table I, Port VII) 

The blood picture on repeated examinations remained satisfactory Chemical analysis 
of the blood showed, on August 2, 109 mg per cent of calcium, 61 mg per cent of 
phosphorus, and 042 and 072 units of phosphatase m two different specimens, on 

August 23, 1 1 4 mg per cent of calcium, 4 3 mg per cent of phosphorus , and on 

August 29, II 4 mg per cent of calcium and 40 mg per cent of phosphorus 

The therapy produced progressive regression of all the lesions and by September 
20, 1932, complete regression of the tumefaction had occurred wnth the exception of 
the anterior axillary mass wdnch w'as then 3 cm m diameter and of a small firm node 
in the left supraclavicular region Repeated roentgenologic examinations show’ed 
progressive reossification of the involved bones (Fig 8) 

Betw'een December 30, 1932, and January 23, 1933, a second series of roentgen ray 

treatments W'ere administered through two fields in the left shoulder and one field in 

the left cervical region (Table II) The general condition remained satisfactor}', and 
on February 14, 1933, the patient’s weight had increased to 45 8 Kg On Ivlay 16, 1933, 
the residual mass m the left anterior axillarj' region w'as noted to have become larger 
Fifteen seeds of 03 Mm Au in wall thickness, each containing 1 16 me of radon, were 
inserted around this nodule , five seeds of i 25 me each w'ere inserted into the left 
supraclavicular space (June 20, 1933) A blops^ secured at this time from the axillary 
mass, bj means of a Hoffman’s punch, did not show the presence of tumor 

Subsequent!}, the patient has been examined from time to time There has been 
no evidence of recurrence or metastasis of the tumor The small nodule in the left 
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axilla has been stationary, apparently consisting of a mass of fibrous tissues (Figs 3 and 
4) The muscles of the shoulder have become atrophic and the motion of the joint 
limited The left arm can be raised anteriorly to go°, posteriorly to 45°, and in ab- 
duction to about 60° The roentgenologic study on the occasion of the last visit, 
February, 1940, revealed the regenerated bones to be m good condition (Fig 9) The 
patient is in apparently perfect health seven j^ears and seven months after the insti- 
tution of treatment 

Plate III 



Fiq 10 



Tig IS 



: 


Fig 1-5 


Pig 10 — Case 2 Appearance of the tumor before tieatment 
Pig It — Case 2 Roentgenognm of the nnndible before treatment Note the 
marked destruction of the ramus The condjloid process cannot be aisualized 
Pig 12 — Case 2 Normal appearance of mandibular region one month 
following radiation treatment 

Pig 13 — Case 2 Roentgenograms of the mandible seaen months following 
radiation treatment Note the regeneration of the destrojed ramus 

Case 2 — A Chinese housewife, age 59, was first seen m the Surgical Clinic of the 
P U M C Hospital, June 18, 1938, complaining of a swelling in the left preauricular 
region for three months, and local pain in the same area for two months The pain was 
dragging or burning in character and occurred onlj occasionally During the previous 
month, the patient had experienced numbness in the left half of the lower lip Trismus or 
dysphagia was not present There was no histor3 of nasal obstruction or bleeding 
The general health was not affected by the present illness Five years previously the 
patient had suffered from “toothache” for which most of her teeth had been extracted 
There had been an area of swelling in the thyroid region since the age of 16 

Physical E\amination — The patient was well developed, well nourished and did 
not appear ill The face was asymmetric due to the presence of a round, firm swelling, 
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roentgenotherapy 


Case I Ftrsl Series 


Date 



Dosage in r to Port* 



1932 

I 

II 

III 

IV V 

VI 

VII 

July 7 

56 






8 


40 





9 

40 






11 


40 





12 

40 






13 


40 





14 

40 

40 





IS 

40 

40 

132 

132 



16 

40 

40 





18 

40 

40 

132 

132 



19 

40 

40 





20 

40 

40 

132 

132 



21 

40 

40 





22 

80 

80 

132 

132 



23 

80 

80 





25 

80 

80 

132 

132 



26 

80 

80 





27 

80 

80 

132 

132 



28 

80 

80 


160 



29 

80 

80 

132 

132 



30 

80 

80 


160 



Aug 1 

120 

120 

172 

172 



2 

60 

60 


160 



3 

60 

60 

132 

132 



4 

40 

40 





S 


40 

88 

88 



6 


40 


160 

200 


8 


80 

110 

110 



9 


40 


160 

200 


10 


40 

88 

88 



11 


40 


160 

200 


12 



88 

88 



13 




80 

200 


16 




120 

200 


18 





120 

160 

20 





80 

160 

23 





120 

160 

25 





80 

160 

27 





80 

160 

30 






160 

Sept 1 






160 

3 






80 

6 






120 

7 






80 

Total 

1,336 

1,600 

1,602 

1,602 1,040 

1,480 

I ,400 




Grand total 

10, 060 


Factors of therapy 

Voltage i6o K V 

Current lo M A 

Filter 56 Mm oil 

0 25 Mm Cu 

1 5 Mm Al 

Skin target distance so cm 

Intensity 23 7 r per minute measured in air 

* Port I Left shoulder and supraclavicular region anterior 
Size 15x20 cm 

Port II Left shoulder and scapular region posterior 
Size 20x20 cm 

Port III Right supraclavicular cervical and supraspinous regions anterior 
Size 8\io cm 

Port IV Same as Port III, posterior 
Size 10x12 cm 

Port V Left cervical lateral 
Size 8x8 cm 

Port VII Left middle back posterior 
Size 11x14 cm 
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7 cm in diameter, which was fixed to the ramus of the mandible on the left side (Fig 
lo) It was slightly tender The overlving skin appeared normal There was an 
enlarged, film but freelj movable lymph node, 2 cm .in diameter, just behind the left 
angle of the mandible Enlarged lymph nodes were not found elsewhere Hypoesthesia 
was present in the left half of the lower lip Inside the mouth, the area of swelling 
could neither be seen noi palpated The uvula was deviated slightly to the right The 
tonsils and the nasophaiynx were normal to inspection and palpation Many teeth were 
missing, the remaining few were dirty and carious A benign goiter was present The 
liver and spleen were not palpable Mild hj'pertension existed Examination of the 
blood showed 9 4 Gm per cent of hemoglobin and normal cell counts Abnormal 
leukocytes were not found Other laboratory data ivere not obtained 

Roentgenograms revealed a marked destructive lesion in the left ramus of the 
mandible (Fig ii) Tissue aspirated fiom the mass was thought questionably to be 
lympho-epithehoma When the case was restudied recentlv, the diagnosis of reticulum 
cell sarcoma seemed evident (Figs 14 and 15) 

Tahlc II 
nOEXTCrNOTHCR 
Case I Second Scries 

Dosage in r to Port* 


Dxte 

I 

II 

III 

K Vt 

Dec 30 1932 

208 

208 

208 

160 

Jan 3 1933 

208 

208 

20S 

n 

s 

208 

208 

208 

180 

7 

208 

208 

208 

r> 

9 

208 

208 

208 

j> 

13 

IS6 

IS6 

IS6 


16 

104 

104 

104 

n 

18 

78 

78 

78 

ft 

20 

S2 

52 

52 

7 > 

23 

104 

104 

104 


Total 

1,534 

1,534 

1,534 



* Port I Left shoulder axilla and supraclavicular region anterior 
Size 12x16 cm 

Port II Left shoulder and scapula 
Size 20x20 cm 
Port III Left cervical region 
Size 9x10 cm 

t The factors ^vere the same as in the first scries (Table I) 

Daily roentgen ray treatments were started on July ii, 1938, using a large field 
which included the mandible as well as the entire cervical region on the left side 
Later, the field was reduced and the radiation confined to the tumor and its immediately 
adjacent tissues (Table III) A total dose of 4,481 r was delivered in 49 days The 
pain disappeared and the tumor began to regress rapidlv one week after the treatment 
was started By the end of the treatment, on August 29, 1938, the tumor had dis- 
appeared completely (Fig 12) The enlarged lymph node in the left upper cervical 
region disappeared three weeks later The skin tolerated the therapy well In September, 
1938, roentgenologic examination revealed that the lesion in the mandible had improved 
markedly This change was progressive as demonstrated at another roentgenologic ex- 
amination on April 17, 1939 (Fig 13) The last examination, on April 24, 1940, showed 
no evidence of local recurrence or metastasis The function of the lower jaw was 
normal The patient is in good health and has no complaint 

Discussion — According to Parker and Jackson, 7/ per cent of all cases 
of primary reticulum cell sarcoma of bone occur in patients under the age of 
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40, and 35 per cent undei the age of 20 yeais, although any age-gioup may be 
affected The disease usually occurs 111 the long 01 flat bones The onset 
IS similar to that of osteogenic saicoma but the subsequent course differs 
greatly The most common initial symptom is pain unrelieved by lest and 


Plate IV 



IFig IS 


Fig 14 — Cise 2 Photomicrograph of the tissue aspirated 
from the mandibular tumor before treatment, showing reticulum 
cell sarcoma Hematovjlin eosin stain (Xi,37o) 

Pig is — Case 2 Photomicrograph of the same tissue shoun in 
Figure 14 Foot’s silver stain for reticulum (X567) 


localized at the site of the pnmary lesion or lefeired to the adjacent joint 
Sometimes a painless swelling may be the first complaint Not infrequently 
a pathologic fiactuie occurs before treatment is sought In the majoiity of 
cases, tumefaction of the affected part is piesent at the time the patient is 
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first seen The tumoi may grow very rapidly and attain considerable size, 
involving the surrounding soft tissues Metastasis occurs comparatively late 
and usually affects the legional lymph nodes lather than the lungs Metastasis 
to bones occurs but infrequently These chaiacteristics are in contradistinc- 
tion to the geneiahzed spiead which usually occurs relatively early in the 
couise of reticulum cell saicoma of the soft tissues 

While the lesion appears locally extensive and highly malignant, it seldom 
affects the general condition of the patient as does osteogenic saicoma, and 


Table III 

ROENTGEN OTHERAP\ 


Case 2 



Dosage m r 


Dosage in ] 

Date 

to Port’*' 

Date 

to Portf 

1938 

r 

1938 

II 

July II 

102 

Aug 3 

14 s 

12 

102 

4 

14 s 

13 

102 

5 

I4S 

14 

122 

9 

14 s 

IS 

122 

10 

14 s 

16 

122 

11 

14 s 

18 

122 

12 

14 s 

19 

122 

IS 

I4S 

20 

122 

16 

170 

21 

122 

20 

145 

22 

122 

22 

145 

2S 

122 

23 

14 s 

26 

122 

24 

145 

27 

122 

2S 

I4S 

28 

122 

26 

I4S 

29 

122 

29 

14 s 

Aug I 

122 



2 

122 



3 

122 



Tot'll 

2,136 

Total 

z,34S 




Grand total 4,481 


Factors of ther-ipy 




Voltage 

180 KV 



Current 

8 M A 



Filter 

s6 Mm oil 




0 5 Mm Cu 

2 0 Mm A 1 



Skin target distance SO cm 

Intensity 17 r par minute 

* Port I Left half of mandible and entire left cervical region lateral 
Size 20\ i 6 cm 

t Port II Posterior half of body and entire ramus of mandible and the upper 
cervical region lateral 
Size lOMO cm 


it IS amenable to appropriate treatment The i oentgenographic appearance of 
the lesion is not characteristic In the eaily stages, only mottled areas of de- 
struction in the medulla may be observed In moie advanced cases marked 
osteolysis and larely osteogenesis can be seen Histologically, the structure 
is identical with that of reticulum cell sarcoma of a lymph node or othei soft 
part 
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Among primal y bone lesions, reticulum cell sarcoma should be differenti- 
ated from Hodgkin’s disease, lymphosaicoma, Ewing’s sarcoma, osteogenic 
sarcoma, and osteomyelitis As pointed out by Parker and Jackson, the his- 
tologic picture usually is sufficient for diffei entiation , in doubtful cases the 
clinical course will lead to the coirect interpretation Primary Hodgkin’s 
disease and tiue lymphocytoma of bone aie extremely uncommon Osteo- 
genic sarcoma and osteomyelitis do not respond favorably to radiation therapy 

We believe that the cases described herein fulfill the criteria outlined by 
Parker and Jackson In the fiist one, since only a cervical lymph node was 
secured for histologic examination, the diagnosis of primary reticulum cell 
sarcoma of the scapula may be questioned Howevei, the favorable clinical 
course following tieatment, the localization of the growth and the lack of evi- 
dence suggesting the presence of a piimary lesion elsewhere, all indicate that 
this was a primary lesion of bone It would be most improbable that an un- 
recognized pi unary lesion, if there had been such, would have remained con- 
cealed for more than seven years after the lesion m the scapula had been 
controlled by radiation 

Parkei and Jackson found that early amputation followed by radiation of 
the adjacent lymph nodes yielded the best results Three of their cases weie 
treated by ladiation alone One of these patients died of the disease within 
two yeais and the other two were living for one and three years respectively, 
with the disease unchecked In three other cases initial radiation was ad- 
ministeied but, due to either local recurrence or metastasis to lymph nodes, 
subsequent amputation was performed These patients were living and ap- 
parently well ten to 14 yeais latei The details of the radiation were not 
given These data appear to show that radiation alone does not constitute 
effective treatment 

The results of irradiation m our cases, on the other hand, were distinctly 
encouraging In both instances, the primaiy as well as the secondary lesions 
exhibited marked radiosensitivity, and complete regeneration of bone ensued 
after the disappearance of the tumor The first patient is living and well, 
apparently free from the disease, seven yeais and seven months, and the second 
patient one yeai and eight months, after the treatment was completed In 
our first case, there could have been no other choice of therapeutic measure, 
as the lesion was so extensive and so located that even the most radical sur- 
gical proceduie could not have eradicated the disease In the second case, 
heniisection of the mandible and wide removal of the neighboring soft tissues 
as well as of the cervical lymphatics could have been considered However, 
M e believe that m the management of such radiosensitive lesions, irradiation 
lathei than suigeiy is the method of choice For lesions of the long bones, 
amputation may yield equally good results On the other hand, even in 
sv\ch instances radiation may be tried first without harm In the three cases 
reported by Parker and Jackson m which radiation failed to arrest the disease, 
subsequent surgical attack effected an eventual cure 
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The success of ii i acliation may depend pi imai ily on the method of applica- 
tion In genet al, pi oti acted, fiactionated ladiation is preferred with the total 
dosage brought up to the maximum, according to the size, location and dis- 
tribution of the given lesion In our cases, a total dose of 4,000 to 5,000 r was 
delivered to the primary lesion, and 1,500 to 3,500 r to each of the metastatic 
lesions 

It IS interesting to note the remarkable regeneiation of the involved bones 
following irradiation In the first case, the entire scapula had been destroyed 
and fiagmented by the mfiltiating tumor, its 1101 mal contour being lost com- 
pletely (Fig 6) Duimg the first two weeks of irradiation, there seemed to 
be even moie decalcification 01 osteolysis (Fig 7) Reossification began in 
about thiee weeks and thereafter piogressed steadily (Fig 8), even after 
the completion of the theiapy Complete legeneiation occurred within a 
peiiod of SIX to seven months, the scapula as well as the clavicle and the 
humeuis lesummg normal structuial contour (Fig 9) Likewise, in the 
second case, the destroyed poi tion of the mandible regenei ated following radi- 
ation (Figs II and 13) The mechanism of legeneration or reossification 
following iriadiation of bone tumors is an niteiesting phenomenon Baun- 
schwig’s^ woik on the lepaii of bone following 11 radiation in benign giant 
cell tumor is illuminating But in cellular tumois, sucb as reticulum cell 
saicoma m which the bone as well as the surioundmg soft tissues are exten- 
sively destroyed, metaplasia within the tumoi due to irradiation does not seem 
likely to play the pimcipal role The endosteal and periosteal elements also 
must sufifei seveie damage, and how then activity can be restored to reform 
a perfect bone is difficult to explain It may be assumed, however, that the 
periosteum is not totally destroyed and that regeneration originates from 
this structuie 


SUMMARY 

Two cases of primary reticulum cell sarcoma of bone are presented 

The outstanding clinical features of the disease are (i) An extensive local 
lesion which appeals out of haimony with the usual good general condition 
of the patient, (2) a comparatively benign course in spite of the highly 
malignant appearance of the tumor, and (3) a high degree of radiosensitivity 
which renders the lesion amenable to appiopiiate treatment 

Radiation was the only form of theiapy employed m the two cases here- 
with reported The fiist patient is living and well seven years and seven 
months, and the second patient one year and eight months, following the insti- 
tution of tieatment 

In the first case, loentgenotheiapy effected complete regeneration of an 
extensively destroyed scapula, and resulted in the preservation of a useful 
limb In the second case, the involved mandible reossified with good func- 
tional result 

The authors wish to thank Dr H T Kimm for his helpful suggestions in the 
preparation of this report 
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UROLOGY AWARD 

The American Urological Association offers an annual award ‘not to exceed $500 00’ 
for an essay (or essays) on the result of some specific clinical or laboratory research in 
Urology The amount of the prize is based on the merits of the work presented, and if 
the Committee on Scientific Research deem none of the offerings worthy, no award will 
be made Competitors shall be limited to Residents in Urology in recognized hospitals and 
to urologists who have been in such specific practice for not more than five years 

Essays shall be in the hands of the Secretary, Dr Clyde L Deming, 789 Howard 
Avenue, New Haven, Conn , on or before April i, 1942 
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A REINTERPRETATION of tHorphologic changes in sclerotic vessels of the 
coronal y tree substantially altering the concepts of the mechanism of coronary 
occlusion stimulated our study m peripheral vascular arteriosclerosis Pat- 
teison,^’ “ Wartman,^ Winternitz, Thomas and Le Compte/ Leary, ^ and Horn 
and Fmklestem® showed that hemorrhage into the intimal plaque in the 
coronary artery was a significant etiologic factor m occlusion of the lumen 
occurring as the most frequent of all pi ecipitatmg events Previous to Pat- 
tei son’s work in 1936, intimal hemorrhage had been noted, but its clinico- 
pathologic relationships were overlooked -- The cause of peripheral vas- 
cular occlusion, exclusive of embolus, was thought to be either the gradual 
compromise of the lumen by an encroaching plaque or the thrombus formation 
upon a fatty or hyperplastic plaque m that poi tion of the vascular tree where 
artei losclerotic changes were so frequent that reduced blood velocity and 
ischemic endothelium set the stage for platelet and fibrin deposition 

We surveyed the ai tenosclerotic peripheral vessels found in 74 amputated 
lower extremities to determine the seiies of events witliin the vessel wall 
culminating m occlusion The specimens amputated because of peripheral, 
uncontrolled gangrene, and collected as routine surgical material over a period 
of three years, were examined to determine the frequency of all of the causative 
mechanisms of the peripheial vascular occlusion The material was analyzed 
to evaluate the influence, if any, of diabetes mellitus upon the mechanisms of 
occlusion m the peripheral vessels The technic of controlled tr}q>sin digestion 
was undertaken to establish the nature of fibrinoid substance and to determine 
the state of the stroma within the atheroma The importance of hemorrhage 
within the intima of the arteriosclerotic vessels bi ought up questions concern- 
ing the fate of the subendothelial plaque These issues will be discussed in 
order to demonstrate the orderly events m the vessel wall in peripheral vascu- 
lar arteriosclerosis which lead finally to the catastrophic thrombosis 

Methods and Material — Seventy-four lower extremities were received 
as surgical specimens after amputation for peripheral gangrene associated 
with either diabetes or arteriosclerosis The vascular tree was removed en 
masse with a minimum of trauma and immediately fixed in 20 per cent 
formalin The vessels were rapidly decalcified and sectioned in serial fashion 

Theodore Eschench, Fellow in Pathology 
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at intervals of 1-3 Mm Each section was examined macroscopically Those 
which presented the gross findings of luminal occlusion were studied histo- 
logically Hematoxylin and eosm were used as the routine stain Weigert’s 
Elastica, van Gieson and Mallory-Azan connective tissue stains, Bielschow- 
sky’s Sliver impregnation, Sudan III stain foi fat on both simple and gelatin 
f 1 ozen-section, the Lepehne preparation foi hemoglobin and the iron stain for 
blood pigment weie employed wherever indicated 

Particulai attention was paid to that part of the vessel which showed the 
most recent change Patent segments of vessels proximal to the level of 
occlusion weie studied to define the muial lesions which subsequently led to 
thrombosis Macioscopic diagnosis of the iiatuie of occlusion 111 each vessel 
was checked by histologic examination Micioscopic serial sections were 
made in ten instances to trace muial capillaries to their origin 

Ti ypsin digestion was used to determine the character of the stroma of the 
atheroma and to define the fibrinoid substance This technic, described by 
Romeis® and modified for our purpose, consisted of placing the deparaffinized 
micioscopic section m a satuiated solution of tiypsin at the p-^ of seven to 
eight A small amount of chloroform or tolulol was added m order to prevent 
bacterial growth The digestion of blood elements and tissue took place in a 
sequential manner, 1 e , serum and nuclear protein, fibrin, blood platelets and 
the white blood cells were first consumed ^ Red blood cells were the most 
lesistant of all the blood elements The iiiterfibnllar ground substance disap- 
peaied befoie young connective tissue fibers Completely necrotic collagen 
was somewhat more resistant than fibrin, but was digested befoie partially 
degenerated connective tissue Adult healthy collagen remained after all other 
piotein had been consumed, but eventually it too disappeared 

Pathogenesis of Intimal Changes which Lead to Occlusion — For the pur- 
pose of our discussion the arteriosclerotic process m the peripheial aitery 
shall be divided into two pathogenetic phases, (i) the etiologic insult, and 
(2) the reparative leaction to the damage 

The natuie of the initial insult to the vessel wall has still been undetei- 
mined The influence of the high fat diets of Saltykowp” Anitschkow,^^ and 
Leaiy^- 111 pioducing experimental athei osclerosis must be reexamined to 
determine then significance 111 view of the work of Aschoff^*^ reviving the wear 
and teai concept of Virchow to shou that the fiist detectable finding m the 
vessel IS not a cholesterol impiegnation in an otherwise healthy area, as the 
experimental atheromatoses in the rabbit would indicate but rather that the 
pi unary lesion of aitenosclerosis occurs as a change in the interfibrillary 
giound substance Aschoff has emphasized that the ground substance is a 
complicated colloidal-gel s3'^stem in constant fluid equilibrium with itself 
Whethei this change lepresents physiologic senesence of connective tissue or 
the fiist step in aitei loscleiosis is difficult to determine, and for our purposes 
IS of no immediate import The foregoing facts have been demonstrated by 
Lange, and Leary^'* m young individuals succumbing to unrelated disease 
piocesses In the aoitas of the }ouths, baiely iisible, slightly raised, tan 
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stieaks are found, running longitudinally on the posterioi wall between the 
intei costal vessels, transversely in the sinuses of Valsalva and about the 
occluded ductus arteriosus Histologically, the first change to be noticed in 
these "endothelial blisters,” described in detail by Zinserling,^’’ is a separa- 
tion of the subendothelial structure of the intima by a finely granular, edema- 
tous pale material which does not take the stains for fat The substance is 
acellulai and structureless Aschoflf has interpreted this change as an altera- 
tion of hydration of the colloidal-gel Lange, and Leaiy^^ termed the state 
one of "mucoid degeneiation ” Duflfi'^ noted a similar state in the media 

The natuie and morphogenesis of the fat deposition has still remained 
unsolved Anitschkow and the Russian schook^ definitely demonstrated 
by the fat feeding expeiiments in the rabbit that the lipids diffuse from the 
blood stieam through intact endothelium towaid the media Winternitz^ has 
suggested that the cholesterol is gathered from extiavasated blood elements 
and seium mfiltiation, the so-called "exudative” oi fiist phase in the patho- 
genesis of ai teriosclei osis As yet the significance of fat mfiltiation as to 
oiigiii and fate m arteriosclerosis has not been unveiled Its relation to the 
high fat dietary habit of man has been inconclusive despite Snapper’s^® re- 
maiks that m West China, where the habitual diet is low in fat, coronal y 
occlusion has nevei been observed 

The second phase of the ai tei losclerotic process is essentially the lepaiative 
response to the damage initiating in the ground substance and the cholesterol 
deposition ° The repair consists of capillary sprouting, fibroblastic prolifera- 
tion and phagocytosis of the lipids, a typical nonspecific body reaction foim- 
mg in the wall of the vessel a cellular, vasculaiized plaque of granulation 
tissue The subsequent course depends upon the degiee of capillaiy i espouse 
which Leary^® has demonstrated to be proportionate to the age of the patient 
If the vascularization of the newly formed plaque is nutritiously adequate, the 
fat IS entnely resorbed and collagen is laid down to form a hyperplastic scar 
The fibroblasts growing into the damaged area loughly peipendicular to the 
long axis of the vessel lay down collagen m a pattern concentiic with the 
lumen As the connective tissue contracts, most of the capillary sprouts are 
cut off and the final picture of an avasculai fibrous plaque manifests itself 

While the fibiotic plaque represents the most advantageous end-stage, 
another course of events ensues when the capillary piohferation is less pro- 
nounced A state of tissue starvation results and eventually the entire area 
undergoes ischemic necrosis In the well vascularized plaque of thriving 
gianulation tissue, there is excessive fibroblastic activity and a minimum of 
free extracellulai fat In a poorly vascularized plaque, theie is slight fibro- 
blastic activity and excessive amounts of extracellular but noncrystalhzed fat 
deposited in a fine fibrillary framework In a totally inadequately vascularized 
plaque, the fibroblasts are absent Fat has crystallized on a necrotic structure- 
less afibrillary stroma This final state represents the mature atheromatous 
abscess, an end-stage of atherosclerosis much less advantageous than the 
fibrotic plaque 


294 



volume 115 PERIPHERAL ARTERIOSCLEROSIS 

Is umber 2 

Further expiession of the neciosis in the mature atheroma is the formation 
of calcium salts of the fats The calcium salts appear first as microscopic 
granules scattered throughout the atheroma, later they coalesce to form laige 
calcium plaques 

The formation of bone in the intiina parallels the deposition of calcium 
Tins type of osteogenesis is not the same as that which is found in the long 
bones of the body where obsteoblasts and a predisposing cartilaginous struc- 
ture are of piimaiy impoitance Similar bone formation has been desciibed 
by Allen-” m bieast tumois, where there was no preexisting cartilage Allen’s 
statement that heteiotopic ossification lepresents a dififerentiation in no way 
conesponding to the “concept of preformed cellular endowments” but rather 
IS a manifestation of the dictates of envnonment, appears to apply to the 
human aiteiial wall, where cartilage is nevei seen, and osteoblasts are con- 
spicuously absent While capillaries aie chai actei istically not fiequent about 
areas of calcification, they are much more evident about the sites of secondary 
ossification, particulaily where the marrow is differentiated What the sig- 
nificance IS of this observation, noted also by Horn and Finkelstein,” is as yet 
unknown In any event, intimal petrification becomes another end-pomt in 
aiteiioscleiosis, lepiesenting a much less advantageous result of the reparative 
piocesses than the fibrotic plaque 

In the matuie atheroma, it has been emphasized that the paucity of capil- 
larization is the factor responsible foi the end-stage of atheronecrosis How- 
ever, close inspection of the atheromatous abscess reveals that whatever vas- 
cular channels do exist aie found at the periphery of the lesion and that the 
centei of the atheioma only is devoid of capillaiies The integrity of the 
delicate wall of the capillary maintaining itself against the pressure of the 
blood stieam depends upon the surrounding exti avascular stioma When the 
stioma undergoes neciosis, the suppoit of the capillary disappears, rhexis of 
the wall follows, and a flooding of blood elements ensues into the atheromatous 
abscess Our mateiial showed that the athero-hematoma was as frequent in 
patent vessels as in the freshly occluded portion of the arterial tree Factors, 
other than stromal neciosis, have been proposed m playing a role in the capil- 
laiy uiptuie Boyd’^ believes that the athero-hematoma lepresents an inflam- 
matoiy leaction Pateison^ suggests that the rupture of the capillary is related 
to the vaiiations m the pressuie of the patent vessel fiom which the intimal 
capillaiy is denved In the capillary of the peiipheial vascular bed the tension 
of the blood flow is piactically independent of the piessuies of the laige aiteiies 
because of the fiiction losses dissipated within the extensive peripheral bed 
Fc) contia, the mural capillary, situated anatomically only a short distance 
fiom the mam arteiial lumen and in immediate communication with it, is 
completely dependent upon the changes in the blood pressure therein 

The location of the hemorrhagic atheroma within the intima is the etiologic 
impoitant factoi which governs the course of subsequent happenings The 
occuiience of a small hemorrhage in a plaque uhich does not encroach upon 
the lumen eventuates only in scar tissue The event of a small hemorrhage 
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m a plaque which aheady has severely compromised the lumen or of a massive 
hemorrhage m a mildly sclerotic vessel unaccompanied by endothelial destruc- 
tion results 111 occlusion without thrombosis (Fig i) Here the swelling of 
the plaque assumes such proportions that the occlusion is entirely mechanical 
Hemorrhage immediately beneath the endothelium in a neciotic fatty plaque is 
followed by luminal thiombosis m the majoiity of instances of recent occlu- 
sion (Fig 2) Microscopic serial sections of athero-hematomata located be- 
neath the fresh thrombus reveals that rupture of the plaque into the lumen is 
not cdways necessary foi thiombus foimation The injurious effect of sudden 



Tig 1 — Missive hcmorrhige into intimi! fnttj phque, with compression 
occlusion of lumen (Xi8) 

swelling of the atheioma undei the endothelium is sufficient to set the stage foi 
platelet and fibrin deposition 

The fibiotic plaque, described pieviously as an advantageous stage of 
healing, in time may ainve at a less desirable end As the scar tissue con- 
tracts capillaries are choked off until ischemic changes occui The collagen 
undergoes necrosis to form a completely avascular atheroma The morpho- 
genesis of necrotic stioma, fat deposition and subsequent calcification is in 
every way identical with primary atheromatous abscess If this degeneration 
occurs close to the endothelium, the possibility of occlusion bjf similar mech- 
anisms to those of the primary fatty plaque are evident Occasionally the 
atheroma without the insult of hemorihage precipitates thrombosis If the 
enlarging fatty mass situated in the subendothelial stioma causes necrosis of 
the endothelium, thrombosis results upon the tagged overlying ulcer This 
mechanism of occlusion was particularly frequent m the specimens of arterio- 
sclerotic thrombosis of the aorta which, relative to our subject of the mech- 
anism of occlusions in the vascular tree, were also examined In the peripheral 
artery, thrombosis upon the atheromatous ulcei was uncommon 
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Fig 2 — (A) Hemorrhage into intimal fatt> plaque, with endo 
thelnl destruction and luminal thrombus (>^28) (B) Higher 

power photomicrograph of area outlined in Fig 3a (Xioo) 
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The fibrotic plaque undeigoes ischemic changes at times in anothei direc- 
tion The connective tissue is converted into a state of degeneiated collagen, 
assuming the propeities of "fibiinoid” substance If this leaction takes place 
immediately beneath the endothelium, associated ischemic changes of the en- 
dothelium lead to thrombus deposition 

Regardless of the nature of the arteiial occlusion peripheral gangrene 
always minors a failuie of the arteiial pei fusion Since anastomotic arterial 
shunts m the lower extremity are exliemely numeious even m the healthy 
state, massive damage to the aiterial tree of the leg has to be inflicted befoie 
gangrene ensues In all of oui specimens, at least two out of the thiee laige 
arteries of the leg aic either occluded oi seveiely encioached upon This path- 
ologic pictuie coiroborates Veal’s-^ artei logi aphic findings in intermittent 
claudication m legs of competent perfusion , one vessel is occluded in 50 pei 
cent of cases, marked narrowing without obstruction is found in 13 per cent, 
and the remamdei of the senes shows many obliterated finer blanches with 
patent laige aiteiies Likewise, m our specimens, multiple focal occlusions 
throughout the vasculai tiee weie the rule The usual picture was to find 
old fibiotic luminal occlusions m the distal segments of aiteiies while proxi- 
mally either a recent thiombus 01 some other type of acute occlusion was 
manifest In 15 specimens of this senes, the only type of occlusion to be noted 
was fibiotic seal tissue No recent thrombus was found This situation oc- 
cuired paiticulaily in the limbs amputated at the level of the lowei thud of the 
leg In the same group, specimens of leamputation also occurred Our 
subsequent statistics on the categories of vasculai occlusion aie affected by 
these facts The gioup of acute closuies is conceivably too low, the fiequency 
of old healed thiombi too gieat because the piesence of an acute vasculai acci- 
dent pioximal to the level of amputation was not luled out The fact that the 
surgical stump healed at a level below which no lecent occlusion was found 
was of no import in the exclusion of a fiesh luminal thiombus above the site 
of amputation 

Types of Vasculai Occlusion — By analysis of oui mateiial theie was estab- 
lished definite morphologic evidence leading to peiipheral vascular occlusion 
The appended grouping and Table I compiised the categoiies of lesions within 
the arteiial tiee which 1 educed pei fusion to such a level that peripheial gan- 
grene followed 

Group I Thrombosis secondary to hemorihage 
Group II Thrombosis upon a plaque 
Group III Massive hematoma of the wall 
Group IV Arteriosclerosis with 

(1) Severe luminal encioachment 

(2) Narrowing and thrombosis 

(3) Mural hemorrhage 

(4) Hemorrhage and thrombosis 
Group V Granulation tissue 
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We weie guided by several piinciples in determining into which category 
each of om specimens belonged The most recent proximal occluding lesion 
was always legarded as the precipitating cause of the peripheral gangrene 
The presence of extensive arteriosclerosis with luminal encroachment or old 
organized distal occlusions was relegated to secondary importance m the 



(a) (b) 

Fig 3 — (a) Intact atlierotnatous abscess in intimal hyperplastic plaque, 

\\ith small parietal o\erl>ing thrombus (Z17) (b) Same lesion as in Fig 

4a at level of ulceration into lumen, with seepage of blood elements into 
subendothehal portions of plaque 

pieseiice of recent pioximal thrombosis The latter was the imminent factor 
in the piocess of the peiipheral gangrene, before this, the impairment of cir- 
culation by pievious insults was not severe enough to cause necrosis When 
no acute lesion was found, old fibrotic organized occlusions were considered of 
gi eater impoit than severe artei losclerosis with narrowing of the lumen In 
Gioup IV, wheie the piimaiy occluding mechanism was the excessive arteno- 

Table I 

MECHANISMS Or PERIPHERAL VASCULAR OCCLUSION 


Group 

No of Specimens 

Percentage 

I 


Thrombosis secondary to hemorrhage 

36 

49% 

II 


Thrombosis upon a plaque 

S 

7% 

III 


Massive hematoma of the wall 

I 

1 % 

IV 

I 

Arteriosclerosis with severe luminal encroachment 

II 

15% 


2 

Arteriosclerosis w ith narrow ing and thrombosis 

I 

1 % 


3 

Arteriosclerosis with mural hemorrhage 

4 

5% 


4 

Artenosclerosis w ith hemorrhage and thrombosis 

I 

1 % 

V 


Granulation tissue 

15 

20 % 



Total number of specimens 

74 



scleiotic piolifeiation with gieat reduction of luminal size, the occurience of 
acute muial heinoirhage and/oi fresh thiombosis in the pin point lumen was 
regarded as a ineie coincidental event 

Group I — Occlusion by Thi oinbosis with Intimal HemoiiJiage — Throm- 
bosis upon intimal athei o-hematoma constituted tbe nature of occlusion of the 
laigest group of oui cases The lesion was found in 36 (49 per cent) speci- 
mens The thrombus \aried from the typical picture of layered platelet and 
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fibrin deposition with the othei {oi nied blood elements caught in the interstices 
to the more organwed states of capillary sprouting, cellulai infiltration and 
fibroblastic piohfeiation Beneath the thrombus the endothelium was either 
disrupted oi intact If the athei o-hematoma occuired immediately under the 
endothelium, an actual dehisence of the latlei lesulted, the hemorrhages of the 
mural plaque broke into the blood stieam, and thrombosis eventuated on the 
necrotic and hemoirhagic muial ulcer (Fig 2) Howevei, if the hemorrhage 
took place deep in the intima, the endothelium was found intact despite throm- 
bosis This fact was established only aftei seiial sections weie made through 
the entire length of the athei oma In these specimens, the swelling of the 
athei oma by the blood elements seemed to have damaged the endothelium 
sufficiently to precipitate tin ombus foi mation 

In Older to determine the source of the intimal hemoiihage, study of the 
atheromatous abscess was peitment In the intact eaily (immature) athei oma, 
the stioma was fibrillaiy, lelativel)' heallh)’^ connective tissue Laige amounts 
of uncrystallized lipids existed m the interstices Many capillaries, frequently 
dilated, coursed thiough the lesion The fiamework had the staining charac- 
teristics of healthy collagen At the penpheiy, the fibiillaiy stroma gradually 
blended into the sui rounding dense connective tissue 

In the advanced (matuie) athei oma the fibrillaiy framework was replaced 
by structuieless, smudgy acellulai mass Cholesterol ciystals were deposited 
m acicular fashion The connective tissue stains levealed that the collagenous 
stroma was 111 a state of advanced neciosis ® Sudan III shows an intensive 
accumulation of fat m nonciystalline as m the crystalline state Trypsin rap- 
idly digested this necrotic mass leaving behind the encircling healthy capsule 
At the penpheiy of the athei oma theie was a chai acteristic separation of col- 
lagen fibers to fray as individual stiands and dangle freely in the atheroma 
Though relatively infrequent, capillaries extended from the capsule of the 
lesion into the neciotic plaque Whereas tlie integrity of the capillary wall 
depended for suppoit on the sunoundmg stioma, the necrotic state of the 
lattei assumed singular import m the rhexis of the delicate walls of the former 
Thus, the mechanism of muial athei o-hematoma became evident 

Group II — Occlusion by Thiomhosis zvithout Intimal Hemoiihage — 
Thiombosis upon an intimal plaque without hematoma was found five tunes 
(seven per cent) m our senes In past yeais, this mechanism of occlusion had 
erroneously been believed to be most frequent ® 

Many have obseived that it was impossible to produce experimental throm- 
bosis of either aiteiy or vein without damaging the endothelium In 

arterioscleiosis the subendothehal connective tissue miirored the health of the 
endothelium In each instance of thiombosis upon an intimal plaque there 
was extensive degenerative lesions beneath the thi ombus foi mation In one 
case, where an atheromatous abscess was found immediately under the endo- 
thelium, the neciosis of the stroma so compromised the endothelium that 
rhexis resulted In Figure 3 a, a parietal thrombus has formed over the 
mural necrotic fatty avasculai plaque In Figure 3 b, the plaque has broken 
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through the endothelium , fibrin and serum have infiltrated into the subendo- 
thelial zone which assumes an azure character distinct from the blighter red 
necrotic stroma deeper m the lesion Tiypsin digested the fibrin and serum 
proteins to leave the uniform homogeneous necrotic fiamewoik of the atheroma 
The other specimens which presented thrombosis upon plaques without in- 
timal hemorrhage manifested a diflferent status of degeneration m the under- 
lying arteriosclerosis Beneath the endothelium the degenerative “fibrinoid” 
change was noted in the sclerotic plaque This degenei ation, first described 
by Neumann , “*5 appeared homogeneous, smudgy, acellular and intensely red in 
the routine hematoxylin and eosin preparation Tinctoiially, fibiinoid sub- 
stance duplicated all the pioperties of fibiin to such an extent that some woik- 
gj.g22, 27 , 28, 20 fielieved both substances to be identical Otheis^®'^^ postu- 
lated that the fibrinoid appearance of collagen was due to a splitting of the 
connective tissue into its component fibrils, with seepage of fibiin into the 
interfibiillar spaces Tiypsin digestion definitely differentiated fibrinoid sub- 
stance fiom fibiin In controlled digestion the fibrin and cellular elements 
of the thrombus disappeaied while the fibiinoid matter remained untouched 
Connective tissue stains revealed the same sepai ation, fiaying and dangling 
of healthy collagen fibeis at the edge of this substance that was found at the 
penpheiy of the atheroma Moieover, tiypsin digestion differentiated fibrinoid 
substance from the neciotic stroma of the atheroma, for after exercising ex- 
treme care m controlling the digestion we found that the atheromatous frame- 
work was consumed before the fibrinoid material was touched The fibrinoid 
substance, in turn, was digested befoie healthy collagen was alteied With 
this differential digestion, we separated the fibrinoid change from true fibrin, 
and entei tamed the thought the fibrinoid change was an alteration m the state 
of collagen A moie detailed account of this phase of arteiiosclerosis will be 
dealt with in a forthcoming publication 

Group III — Occlusion by Plaque due to Inhvial Hemonhage — The en- 
croachment upon the lumen by intimal athei o-hematoma to such a degree that 
circulatoiy insufficiency resulted compiised a small but extiemely significant 
group of oui specimens (Fig i) In one instance, this lesion accounted for 
the closure of the popliteal artery and was the significant factoi in producing 
the peripheial gangrene In three other instances massive athero-hematomata 
were also responsible for occlusion, but since, at moie proximal levels, throm- 
bus formation within the lumen was associated with the same catastrophe, 
these specimens uere classified elsewhere In a host of other sections recent 
mural athei o-hematomata without encroachment of the lumen were found 
The common occui rence of the mural hemorrhage in the patent portion of the 
arteiial tiee, as well as in the more distal occluded aieas, tended to establish 
the mural lesion as a forerunnei of thiombosis (Fig 4 ) If mural hemor- 
rhage OCCUI led ^Mthout luminal obstruction, no decrease of circulatory per- 
fusion lesulted In the instances \^here intimal athero-hematoma occurred 
without endothelial compiomise or rupture, occlusion resulted vhen encroach- 
ment upon the lumen was complete The pathogenetic import of mural hem- 
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orrhage within the larger group in which arterial thrombosis followed the 
atheio-hematoma became apparent from the study of this smaller group of 
specimens The thi ombus occurred only as a secjuela of the hemorrhage 
chronologically happening later in the processes of arterial occlusion as a 
catastrophic end-stage 

Group IV — Occlusion by Extensive Ai tei wsclei osis — Severe arteiioscle- 
rosis, morphologically delineated by all of the changes noted in the advanced 
state, ^2, 33 functionally associated with extreme reduction in luminal size, 
was found in 17 (23 pei cent) specimens In ii instances, the patent lumen 



Fig 4 — Tlemorrlnge in n nnssixe ntlicrormtous ibscess occur 
ring ns nn incidcntnl finding in tlie femoral nrterj proximal to oc 
elusion of the poplitenl nrtcr> I)> thrombosis which was sccondarj 
to mural athero hematoma 

was traced throughout all of the sections Blumgait, Schlesinger and Zoll,®^ 
and Fnedbeig and Hoin'*^ renewed inteiest in a comparable condition within 
the heart, the state of coronary insufficiency 01 failuie They found that the 
incompetency of myocardial perfusion associated with the severe aitenosclerosis 
and luminal narrowing resulted m subendocardial myomalacia, a comparable 
condition to the distal phalangeal gangrene chai acterizing oui specimens in 
which severe arteiiosclerosis occurred Whereas it was beyond the scope of 
this discussion to enumerate the dynamic factors bi ought into play in the 
precipitation of the gangrene, this subject has been discussed in detail by 
Friedberg and Horn®® m its relationship to the coronal y tree, and b}^ Hines 
and Barker®® in the pei ipheral artei les 

Coincidental to the extensive arteriosclerosis, a thiombotic obliteration 
within a pin point-sized lumen was found in one instance Fresh subendo- 
thelial hemorrhage occuinng five times was the piecursor of a luminal throm- 
bosis m one specimen 

It must be emphasized that despite the fact that the ai terial tree possessed 
no actual occlusion in the ii specimens of arteriosclerosis with narrowing of 
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the lumen ue lealized that a thrombotic piocess might have been located above 
the level of amputation The fact that the stumps subsequently healed did not 
fully lule out this possibility 

Group V — Occlusion by Giamilahon Tissue — In 15 (20 per cent) speci- 
mens the lumen was completely obliteiated by fibrotic scar tissue It was 
impossible, microscopically, to differentiate the vascular channels as to whether 



Fig 5 — Recent hemorrhage into old granulation tissue occlusion 

(X29) 

they repiesented lecaiializing capillaiies or residua of the original lumen 
Moieovei, it was impossible to determine through what mechanism the scar 
obliterating the lumen originated and what end-stage it represented ® The 
collagen pattern was unieveahng The presence of iron pigment was of no 
help, for both intimal hematoma and luminal tin ombus leave the same residue 
The piesence of subendothelial elastic fibers was of little aid They were 
not infiequently observed about recanalized channels as well as the true lumen 
Horn and Finklestein,® and von Glahn^'* noted a similarly confusing state in 
vessels of the coionary tiee 

In the old fibiotic occluded vessel, a fiequeiit finding was that of secondary 
atheromatous abscess and fresh hemorrhage with the luminal scar (Fig 5 ) 
When a state of ischemia resulted within the organizing thrombosis, the 
atheioma was foimed As it underwent necrosis, capillary ihexis and hem- 
orrhage lesulted 

Diabetes — No specific effects of diabetes mellitus were noted in any speci- 
men upon the pathologic events within the aiterial tree resulting in peripheral 
gangiene We were unable to distinguish any unique morbid features in the 
diabetic vessels Ehason and Wiight^® found that 55 cent of the cases of 
senile gangiene of the lower extremities weie diabetic In our series of 74 
specimens, 35 (44 pei cent) were diabetic In Table II, we subdivided the 
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mechanisms of arterial occlusion into diabetic and nondiabetic categories 
Outside of the fact that all five instances of thrombosis upon a plaque fell into 
the nondiabetic group, no significant diflference was evident 

Table II 

MECHANISMS OE ARTERIAl OCCLUSION IN DIABETIC AND NONDIABETIC CATEGORIES 

Thrombosis upon Thrombosis upon Mural Severe Granulation 

Hemorrhage Plaque Hematoma Arteriosclerosis Tissue 

Diabetic 19 o i 7 8 

Nondiabetic 17 5 0 10 7 

Mmal Vasciilat Ttee — The vascular suppl)^ to the aiterial tiee brought 
up many questions which have yet been unanswered In the healthy vessel, 
the presence of mural capillanzation has remained a matter of dispute In 
the Ultima, capillaries have not been found Although Winternitz and his 
coworkers demonstrated an arborizing network in tbe intima of the aorta 
of a healthy cow by subendothelial perfusion of India ink at the tremendously 
high pressures of 500 to 1,000 Mm of mercur}’^, this has never been dupli- 
cated in normal human vessels These capillaries were demonstrated in the 
Ultima of the bovine aorta m order to establish then possible role in arterio- 
sclerosis Since Goldblatt”*” emphasized that arteriosclerosis 111 the cow’s 
aorta was never found to involve the intima but was limited to the media, 
the pathogenetic relationship of intimal capillanzation to bovine arterioscle- 
rosis was not pertinent The course of capillaries has been followed from their 
oiigin in the vasa vasoium thiough the outer zone of the media m human 
vessels unaffected by ai teriosclerosis An occasional capillar}' traversed the 
middle portion of the medial coat, but none were seen in the inner zone In 
the aorta of the horse and the dog, Woodruff'*- established a medial vascular- 
ization by injection of India ink and gelatin into the vasa vasorum Gross 
and his coworkers, *^ and Horn and Finkelstem** denied the presence of any 
capillaries m the media of normal coronary arteries It was our impression 
that if they did exist in healthy peripheral vessels they were infrequent The 
nutrition of the wall of the normal vessel, because of the absence of vasculariza- 
tion, must be derived largely fiom the blood stream ‘*‘* Anitschkow^^ showed 
evidence for this hypothesis by intravital trypan blue injection, in which the 
dye was seen to diffuse thiough the intact endothelium into the wall of the 
vessel 

In contradistinction to the absence of intimal vascularization in healthy 
arteries the presence of intimal blood supply in arteriosclerotic vessels has been 
well-recognized'*’ ‘*^’ The origin of the muial capillary has long been a 
subject of controveisy Some investigators '*’’ claimed the vasa vasorum 

to be the more common source, while others^ 2 3 12 fgp j-pgy j-ose chief!} 
from the mam lumen of the vessel By serial survey of ten representative 
sections we traced intimal capillaries back to the lumen of the vessel as well 
as to the vasa vasorum From both sources there arose an intercommunicating 
anastomatic network of vascular channels The distribution of the capillary 
network of the intima was particularly noted It was most abundant m young 
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plaques where fresh oiganization occurred It was least evident in areas of 
complete fibiosis As the paths of the capillaries were traced through the 
media and internal elastic membrane, they were found to enter a relatively 
fresh aiea of gianulation tissue As the capillary approached a zone of dense 
fibrosis, It either skirted the area, terminated abruptly, or occasionally re- 
mained as a ghost-lumen filled with either a hyalmized or calcified thrombus 
This gave the impression that the contraction of the scar had choked-off its 
own blood supply 

In the atheromatous abscess, capillaries were inconspicuous except m the 
periphery of the lesion As they penetrated towards the necrotic center, ne- 
crosis occuired m their delicate thin walls The nuclei and cellular outlines 
disappeaied and were replaced by an eosinophilic granular stiuctureless sub- 
stance Rupture resulted thiough the neciotic wall allowing extravasation of 
the blood elements into the atheroma 

In the vessels m which complete occlusion occuiied, mural capillaries 
might assume a function othei than that of nutrition It was conceivable that 
they might constitute an attempt at inti avascular collateral circulation Wm- 
teinitz and his coworkers^^ indicated the establishment of such a collateral 
channel by perfusion and injection technic We attacked the problem by 
studying the stage of the thrombus and comparing the number of capillaries 
found therein with the number found within the wall of the mam vessel The 
mural ciiculation showed a rough relationship to the stage of occlusion Old 
fibrotic, avasculai occlusions showed an abundant mural vascularity, an at- 
tempt has been made within the wall of the vessel to shunt the blood flow 
aiound the occluded portion Mural capillaries were less abundant in vessels 
which revealed extensive recanahzation of the occluding thrombus, the re- 
canahzed channels within the thiombus assumed the burden of the circulation 
(Fig 5) Roughly, an inverse ratio existed in the degree of capillanzation 
between the luminal occlusion and the mural collateial response 

SUMMARY 

( 1 ) In 74 cases of gangrene of the lower extremity necessitating amputa- 
tion, the vasculai ti ee was studied in order to establish the pathogenetic events 
leading to occlusion and to classify the types of arterial occlusion The role 
of muial hemoirhage was emphasized as the most fiequent factor precipitating 
acute luminal thrombosis 

(2) A study of the atheroma, its capillanzation, and the state of its 
stioma w^as reviewed to establish the fact that intimal hemorrhage was sec- 
ondary to rhexis of the vascular channels ti aversing the necrotic atheroma 

(3) All types of occluding mechanisms w^ere discussed m order to deter- 
mine the impoitance of each Arteriosclerosis wnth severe encroachment of 
the lumen w^as second in frequency to thrombosis upon athero-hematoma 

(4) A means of differentiating the fibi moid substance from fibrin by tryp- 
sin digestion w^as described A relationship betw^een the fibrinoid substance 
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and paitially degeneiated collagen based on the results of trypsin digestion 
was entei tamed 

(5) Intiinal and medial capillai ization m ai tei losclei otic vessels were 
tiaced to both the lumen and the vasa vasoium Then lepaiative significance 
m the piocess of aiteiiosclerosis and then anastomotic importance m aiterial 
occlusion weie discussed 

( 6 ) No diflference was noted between the artei losclerotic findings of the 
diabetic from the nondiabetic specimens 
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Analysis of statistics from various sources, both in this country and 
abroad, reveals that staphylococcal septicemia is an infection accompanied by 
high mortality While the fatality rate vanes from 6o to 95 per cent m the 
different studies recorded, the average must be accepted as 75 to 80 per cent 
Despite numerous expedients introduced m tbe past to improve the statistics, 
it must be admitted that they have failed m their purpose Nonspecific 
measures such as surgical drainage and supportive treatment, undoubtedly 
of value, are nevertheless insufficient in altering to any marked degree the 
number of individuals succumbing to this form of septicemia The recent 
studies reported b}'- Juhanelle^’ - on the classification of staphylococcus, and 
culminating in an experimental, therapeutic seium,'* suggested the possibility 
that staphylococcic septicemia might be controlled by the administration of 
antibodies directed against the carbohydiate elaborated by the virulent (t e , 
for man) organisms In his preliminary note, Julianelle"* considered the data 
then available on treatment as inconclusive but encouraging Eager to 
determine the therapeutic effectn'eness of the antiserum, heieinafter desig- 
nated as Type-A, arrangements were made \\ith the Ledeile Laboiatories, 
of Pearl River, N Y , to furnish serum for an expei imental study in this 
hospital The arrangements were made with Doctor Julianelle’s consent and 
approval The study has continued foi about two years, and in the interval, 
18 patients with verified staphylococcal septicemia, one with osteomyelitis 
and transient bacteiemia, and three with pneumonia without positive blood 
cultures, have been treated with the serum 

Expeuinental — The patients utilized m this study were not selected in any 
way Regardless of age, duration of infection, clinical complications, or 
prognosis, the}'- were accepted for serum therapy on the basis of severe in- 
fection, preferably with septicemia Consequently, a broad variety of staphy- 
lococcic infections are represented m the present series The organisms 
isolated from the patients weie studied for mannite fei mentation and type 
of carbohydrate Every strain but one was aineiis, all fermented mannite,^ 
and all yielded, on acid extraction," the Type-A carbohydrate 

Treatment consisted not only of administration of Type-A antiserum but 
also of whatever supportive care was indicated, and particularly whatever 
surgical measures appeared to be advisable at the time Most of the patients 
had been under treatment with sulfonamide drugs previous to administration 
of seium, and in many instances this caused a more prolonged delay in 
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seiuni tiealment than was desirable That the sulfonamides had not been 
effective, however, was the judgment of the physician in chaige, and, in 
fact, a papei now in press® suggests these compounds leave much to he 
desiied in their effect on severe staphylococcal infection In most of the 
cases in this study the drugs were discontinued with seium therapy, m a 
few, howevei, the drugs were given simultaneously in spite of our ordei 
that they be withdrawn Because of the number dying, howevei, it may be 
that the diug was not of gieat importance m the recovery 

It may serve best the purposes of this communication if the complete 
data aie consolidated in the form of tables, containing the more impoitant 
details regarding clinical history and treatment of each individual The only 
division of patients to be made is that based on ultimate survival or death 
While no comment is made in the protocols concerning blood cultures, it 
may be well to say that each patient had repeated cultures, for the most pait 
both in broth and in agar, with measured quantities of blood to determine the 
number of staphylococci pei cubic centimeter Septicemia was determined by 
lepeated growth of staphylococci from the blood and by the colony count 
On this basis, it can be said that except for three of the five patients with 
pneumonia, septicemia was established in every patient but one, and m that 
one the evidence suggests merely a transient bacteremia (Patient I A , Table 
I) Supportive tieatment also has been omitted from the tables since this 
varied fiom individual to individual and included whatever was regarded 
as an adjuvant to the patient’s welfare 

ANALYSIS OF PATIENTS SURVIVING INFECTION 
The data dealing with recoveiies will be found m Table I 
It will be seen that ten patients tieated with serum eventually survived 
the infection The group consists of five males and five females, with ages 
vaiying from 20 months to 43 yeais In four of the patients, the septicemia 
stalled by way of osteomyelitis, one of whom was further complicated by 
clinically lecognizable myocarditis, subsequently confirmed by electrocardio- 
giapliic studies In patient S S , with osteomyelitis of the left femur, serum 
tieatment was delayed until the thirty-first daj' of illness and was administered 
by the mtiavenous (132 cc ) and intramuscular (30 cc ) routes In addition 
to suppoitive tieatment, it was found necessary to incise over the trochanter 
and to drill openings into the femui wheie necrosis was found This resulted 
in adequate diainage In patient J T , with osteomyelitis of the right foot, 
ulna, scapula and left fibula, complicated by myocarditis, surgical drainage 
was pci formed at each of these foci as well as four metastatic, subcutaneous 
abscesses Seium treatment began on the tenth day of illness, and consisted 
of thice dail}^ administrations of serum of 60 cc , each gi\en intravenously In 
patient 1 N , theie was an abscess of the face parotid gland, and left hand, 
as well as an osteomyelitis of the right foot Aftei removal of a splinter in 
the left hand winch may 01 may not ha^e initiated the original infection, 
incisions weie made over the left hand, right foot and internal malleolus 
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Seium was given both intramusculaily and intravenously over a period of nine 
days The latei injections of serum were given with difficulty because of 
inci easing sensitivity in the child, and, in fact, serum sickness, in the form 
of uiticana, subsequently appeared The fourth case was that of a sailor 
in the U S Navy, with osteomyelitis of all the bones of the left foot, and 
yielding a single positive blood culture during the period of observation 
Seium therapy was given late in the disease and the indications are that no 
benefit was derived from this treatment Surgically, a number of procedures 
weie undertaken with eventual amputation of the left leg 

In four other patients, the infection Avas predominantly pulmonary In 
tAvo, the pneumonic process Avas piimaiy, although postopeiative in one, 
and in tAAm otheis the pneumonia AA'as secondaiy to a suiface lesion No 
positive blood cultures Aveie obtained in tlnee of these individuals, Avhile m 
one (Patient W H ) scA'eral consecutu'e, positiA'e blood cultures Avere culti- 
vated, the colony count hefoie treatment m fact i caching as high as 145 colo- 
nies pei cc of blood In patient R R , the pneumonia appearing in the 
left uppei lobe Avas secondary to a boil on the left elboAv, and Avas rapidly 
folloAved by empyema In this case, it is probable that despite the negative 
blood cultuies, extension of the infection fiom the onginal focus to the lung 
may have been by AA^ay of the blood Seium Avas not administered until the 
tAventieth day, and consisted of 60 cc on that day, and 40 cc on the tAventy- 
first and tAventy-second day*^, all given intravenously The process of re- 
coA^ery Avas aided by thoiacostomy and open drainage on the tAA’^enty-first 
day of disease Similai ly, in Patient W H , the 01 iginal lesion Avas a cellu- 
litis of the left hand Avith an abscess on the hack, and subsequently there Avas 
a metastatic pneumonia of the left upper lobe Diainage of the hand and 
back Avas accomplished by incisions Serum Avas given ovei a period of seA^en 
days, at first inti avenously and latei intramuscularly The total amount Avas 
165 cc The pneumonia appealing in Patient M M folloAved heinionhaphy 
by tAA'^o days Recognized eaily as staphylococcal m etiology, sulfathiazole 
Avas given to a total of 54 Gm over seA'^en days, hut the infection merely 
became intensified with the formation of multiple abscesses thioughout both 
lungs At this time, the piognosis seemed hopeless, hut it A\as, neA'^ei theless, 
decided to start serum therapy She received 260 cc intravenously over 
seven days The final patient of this group, E E , Avas a typical example of 
primal y staphylococcic bionchopneumonia confirmed b}^ roentgenologic and 
sputum studies A\dnch yielded pure culture of Staphylococcus aw eus Serum 
treatment Avas delayed until the eleventh day because the patient Avas undei 
sulfathiazole therapy (74 Gm duiing the interval) With no improve- 
ment m her general condition, it Avas decided to give serum instead T\Am 
intravenous injections were given, 60 cc on the eleventh day, and 40 cc on 
the twelfth day Twelve hours following the second injection, the temperature 
fell to normal and lemamed at that point during the patient’s stay in the 
hospital The effect of the serum in this group of patients has been particu- 
larly striking, the latter tAVO being especially impressive 
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In the final two surviving patients the infection was pnmaiily in the 
meninges The one, E B , was a colored woman, who, following an injury, 
developed all the signs of typical meningitis Spinal fluid yielded staphy- 
lococci on culture and the cell count and protein content were characteristic 
of purulent meningitis Serum tieatment was started on the sixth day and 
consisted of two injections The spinal fluid became sterile seveial days later 
Recovery was complete and the patient was discharged on the sixty-third day 
following the onset In the other, L D , a colored female, also, the chief 
clinical signs were those of meningitis with positive cultuies of hemolytic 
Staphylococcus atneuK from both spinal fluid and blood Serum treatment, 
started on the fifteenth day of illness, consisted of 120 cc given over three days 
It may be well to point out that of the surviving patients, five, or 50 per 
cent, gave signs of seium sickness This consisted of urticaria, and in two, 
joint pains were also piesent In each, the condition was mild and responded 
promptly to symptomatic treatment Skin tests to the Tj^pe-A caibohydrate 
as suggested by Juhanelle'* to measure the adequacy of seium tieatment 
were conducted in six of these patients In five, the test elicited a typical 
Avheal and erythema reaction, while in the sixth patient, the test was negative 
on the two occasions perfoimed, both befoie completion of seium treat- 
ment 

Twelve patients aie recorded in this summary — four males and eight 
females Another patient has been omitted from the tabulation because, 
although serum was given on the eighth and ninth daj' of infection, which 
included pericarditis, the physician in charge decided to discontinue serum 
and give sulfathiazole instead The patient died 13 days later, so that under 
the circumstances it cannot be determined what effect the serum actually 
had or may have had The ages vaiied from thiee weeks to 41 years, and the 
clinical conditions at the tune of first examination were extremely severe, 
if not critical Thus, six patients died within 72 hours aftei first being 
treated with serum, four, in fact, within 36 hours In addition, seven patients 
presented clinically recognizable endocarditis, one pericarditis, and in one 
even sinus thrombosis was suspected clinically and later confirmed at autopsy 
In all but three of the patients dying, postmortem examinations weie made 
so that the ultimate diagnosis could be made with certainty 

In patient B O the chief clinical signs were endocarditis and meningitis 
Serum was given intravenously on the ninth, tenth, and eleventh days of 
illness, 50, 25, and 15 cc respectively Death occurred on the following day 
before further serum could be given Autopsy confirmed the diagnosis of 
endocaiditis (on the mitral valve) and meningitis, and revealed fuithei, hemoi- 
rhagic infarcts m the kidneys, spleen, and heai t Patient L C , w itli osteo- 
myelitis of the left tibia, pneumonia of both lungs, pyonephritis and endo- 
carditis, was placed on serum treatment the sixth day of illness, receiving a 
total of 480 cc intiavenously ovei nine days In addition, incisions vere 
made over the periosteum of the tibia and the right ulna disclosed pus m 
both situations Consideiable supportive treatment was instituted as well 
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The colony count ran consistently high, and on the tenth day of treatment 
the patient expired Postmortem examination disclosed multiple abscesses 
of lungs, spleen, and kidneys and a vegetation on the tricuspid valve Patient 
T K , with indefinite portal of entry, presented on examination symptoms 
of endocarditis Serum was given on the seventh, eighth, and ninth days, 
6o, 40, and 40 cc , respectively On the tenth day, death occurred Autopsy 
revealed a perforated interventricular septum, peifoiation and vegetation of 
the aoitic valve, and hemorihagic infarct of the spleen In patient J N 
endocarditis followed postabortal endometritis Serum was given on the 
fifteenth, sixteenth, seventeenth, and eighteenth days, 160 cc 111 all Death 
ensued on the eighteenth day In addition to infection of the uteius and 
endocaiditis, postmortem examination showed the presence of hemoirhagic 
infarcts of spleen and lungs Following suprapubic prostatectomy, patient 
S C developed both pneumonia and endocaiditis despite immediate treat- 
ment with sulfathiazole and later sulfadiazine On the sixteenth day, 80 
cc of serum were given intravenously, and within 24 hours, the patient died 
At autopsy, there was seen a vegetation on the mitral valve and extensive 
bionchopneumoma Patient A M was admitted on the thud day of illness 
in a stupor and with definite clinical signs of endocaiditis Seium was 
given intiavenously, 120 cc , and within 24 houis the patient died Autopsy 
revealed a vegetation on the mitral valve, a focal abscess on the left ventricle, 
abscesses of spleen and kidneys and petechial liemoi 1 hages of the gasti o-mtes- 
tinal tract, skin, and conjunctivae 

The final patient 111 this group, W T , showed early evidence of endo- 
carditis without demonstrable evidence of the poital of entiy, although a 
chronic piostatitis may have been the primaiy focus Seium theiapy was 
begun on the eleventh day of disease and was continued for four consecutive 
days, for a total dosage of 240 cc The patient died on the fifteenth day of 
disease Postmoitem examination revealed mitral valvulitis, multiple ab- 
scesses of the visceia, piostate, and brain, and petechiae of skin and conjunc- 
tivae The foregoing group of patients, complicated with endocaiditis when 
fiist seen, was a paiticulaily unfaii trial for any tieatment This is at once 
apparent when it is realized that two of the seven died within 48 hours, and 
two within 72 houis, thus suggesting, immediately, that the patients were 
hopeless at the very stait The remaining patients, howevei, suivived four, 
five, and ten days The indications aie that m endocarditis the prognosis is 
still hopeless even with the added tieatment of specific antiserum 

Anothei patient piesented peiicarditis as the chief therapeutic difficulty 
1 bus, D K had multiple skin abscesses, pneumonia of the right upper lobe, 
and peiicaiditis , piobably all secondan to a paion}cliia on the left thumb 
bulfathiazole had been used befoie seium theiapy, ^\lthout checking the in- 
fection A loentgenogiam of the light femui the day befoie death showed 
osteoiu} elitis w'lth extensive neciosis ot the bone Surgical treatment con- 
sisted of lepeated pci icai dial taps and pericardotomy, with mseition of dram 
bioni the eleventh to the nineteenth day antiserum was administered mtra- 
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venously, a total of 300 cc being given m all, but without avail Autopsy was 
not allowed 


ANALYSIS OF THE FATAL CASES OF INFECTION 

The data dealing with fatal cases will be found in Table II 
The remaining patients form a miscellaneous gioup Thus, patient B B , 
with piimaiy pneumonia in the right middle and lower lobes, had been on 
sulfathiazole foi one week On the sixteenth day seium was started, and 
five injections, of 40 cc each, were given over a period of nine days The 
patient died several houis following the last treatment At postmoitem 
examination, the light lung was found to be riddled with abscesses The infec- 
tion in C K started as an abscess of the gums followed by pneumonia of tbe 
left uppei lobe and involvement of the ethmoidal sinuses and maxillary anti a 
A single injection of seium was given on the eighteenth day and the child died 
on the following moiniiig No autopsy was allowed Patient S B piesented, 
on admission, abscesses of the left face, chemosis of the left eye, with edema of 
the light eye which appaiently followed the “picking of a pimple” on hei chin 
Sinus thiombosis was suspected but not definitely diagnosed On the fifth 
thiough the eighth day 200 cc of seium weie administered inti avenously, with 
the patient becoming pi ogi essively woise On tbe ninth day the patient died 
The mam pathologic findings weie thrombosis of the left sinus, basilar menin- 
gitis, and infection of the petious poition of the left temporal bone The infec- 
tion in J P was lapid and fulminating, the whole course covering five days 
Unfoi Innately, pei mission foi postmoitem examination was not granted, and it, 
consequently, is not cleai exactly what happened The chief complaint was 
pain ovei the 1 ight shouldei , and the boy was in coma when admitted Blood 
cultuies made obvious the diagnosis of staphylococcal septicemia A single 
injection of 60 cc of seium was made on the fourth day of illness, and on 
the following moining the patient died 

The evidence offered by the fatalities occuirmg in this study indicates 
the unfoi tunate distiibution of patients lefeired for treatment Thus, only 
three of the 12 suivived more than a week L C and D K who had pio- 
giessed to a hopeless state because of the caidiac lesions, and B B in whom 
the pneumonia had not responded to sulfonamides, and was aheady of 16 days’ 
duiation Aside fiom any othei element, that of time alone was a handicap, 
appaiently impossible to oveicome 

It ma} be of inteiest to offei a final analysis of Type-A serum therapy 
based on the chief clinical manifestation These data have been reassembled 
m Table III 

Endocai dills foimed the laigest single gioup with seven patients, all of 
wliom died pneumonia compiised the next laigest wnth fi\e, only two of 
whom had concuiient septicemia, and four of them recovered, osteom3"elitis 
contiibuted fom patients, three with septicemia and one with transient bac- 
tciemia, and all ieco\ered, meningitis with septicemia was encountered 
twice, and both patients ieco\ered The remaining four patients, all with 
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r\BLr III 

SUMMARY or SERUM TREATED CASES BASED ON CHIEr SYMPTOM 

Chief Clinical Manifestation 

Endocarditis 
Pneumonia 
Osteomyelitis 
Meningitis 
Pericarditis 
Sinus thrombosis 

Sinusitis with metistatic pneumonia 
Undetermined septicemia 

22 r8 TO 12 

* Of these, one survived and one died 

septicemia, lepresented a scattering of diagnoses, and all died The evidence 
suggests, therefore, that Type-A antiserum offers the most effective assistance 
toward recoveiy in pneumonia, osteomyelitis, and possibly in meningitis In 
the caidiac complications — endocaiditis or pericarditis — the seium appears to 
be valueless, if survival is taken as a criterion The remaining cases are too 
few to allow comment 

Discussion — The foiegomg data reveal that 22 patients with severe 
staphylococcal infection have been treated with specific Type-A antibacterial 
seium Bactei lologically, the different infections w'ere associated with a 
single immunologic type, since all the strains fermented mannite and elaborated 
Type-A carbohydrate This suggests that these infections may be treated 
logically with a univalent seium 

In eveiy patient serum therapy w'as supplemented by whatever surgical 
and supportive caie w^as indicated On this basis ten of the 22 patients sur- 
vived, and 12 died, indicating a theiapeutic effectiveness of roughly 45 pei 
cent or, stated diffeiently, approximately a two-fold increase in the average 
survival rate usually accepted for such infections As the figures now'^ stand. 
It seems that pneumonia, osteomyelitis, and possibly meningitis respond most 
favorably to the action of Type-A serum 

Analysis of the deaths in this study suggests that the rate of recovery 
may be an inaccurate expiession of the true capacity of the antiserum The 
cardiac complications, for example, numbering eight out of 22 (about 37 
per cent), or fiom the point of view' of deaths, eight out of 12 (about 66 
per cent) indicate, immediately, the particularly abnormal run of patients m 
this study Examined m another way, nine of the 12 deaths (75 per cent) 
occurred within five days following the use of serum In the light of such 
a disproportionately large number of patients with hopeless prognosis, it may 
be that the antiserum possesses a greater theiapeutic efficiency than is actually 
observed in this study 

The skin test with carbohydrate, suggested as an index of sufficient serum 
therapy, was made in too few patients to be of statistical value It may be 
that as far as the results go, however, they confirm its prognostic use Of 
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the patients who recovered, the test was positive m five of six, and m the 
sixth, the last test was made before completion of serum administration Of 
the patients w'ho succumbed, the test was negative m three of three cases 
tested 


SUMMARY AND CONCLUSIONS 

(1) Twenty-two patients with severe staphylococcal infection have been 
treated with Type-A anticarbohydrate serum supplemented with whatever 
surgical and supportive care seemed advisable 

(2) The strains of staphylococcus isolated in this study fermented mannite 
and elaborated Type-A carbohydrate 

(3) Of the 22 patients treated as described, ten survived infection and 
12 died 

(4) Of the survivals, foui wei e examples of osteomyelitis, four pneumonia, 
and two meningitis 

(5) Of the deaths, seven weie examples of endocarditis, while the re- 
maining weie single cases of pneumonia, pei 1 carditis, sinus thrombosis, 
sinusitis with metastatic pneumonia, and one, not examined at autopsy, of 
not too clear a diagnosis other than septicemia 

(6) Of the 12 deaths, six occurred within 72 hours, three otheis within 
five days, two within ten days, and one within 18 days after first using 
serum 

(7) While the gioup treated is small, the indications are that Type-A 
antiseium has a certain value 111 the treatment of severe staphylococcal in- 
fection, with the best lesults in this study 111 osteomyelitis and pneumonia, and 
the pooiest results in caidiac infection 

It is a pleasure to acknowledge the assistance and cooperation received from the 
Lederlc Laboratories, Dr L A Juhanelle, of Washington University, St Louis, and 
Drs W G Turnbull and J H Clark of this hospital 
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ERRATUM 

In the \^^ \LS OF SURGCRV 115 47, J^nuar^ 1942 the title of the article b\ Dr Herman 
rharaebe should read ‘MPTASTSTIC TUMORS IN THE BREAST" The a^ord “MET\STIC” 
la a tapoRraphic error 
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BRIEF COMMUNICATION 

DISARTICULA.TION OF THE HIP FOR ENDOTHELIOMA (EWING’S 
TUMOR) 31-YEAR FOLLOW-UP 

Beverly Crew Smith, MD 
New York, N Y 

The following is a report of an Ewing’s tumor of the femur opeiated upon 
m 1909, and still without recurrence 31 years later So fai as is known, 
It is the only case of its kind m which so long a period of survival has been 
recorded The case is registered with the Bone Sarcoma Registiy of the 
American College of Suigeons, and the oiigmal pathologic sections of the 
tumor have been reviewed by a large number of pathologists, consultants of 
the Bone Sarcoma Registry, who have agreed as to the diagnosis of Ewing’s 
tumor 

Case Report — Presbyterian Hospital, Vanderbilt Clinic Unit No 249752, Bone 
Sarcoma Registr}' No 398 H J , male, Russian Jew, age 22, was admitted, July 22, 1909, 
complaining of pain in the left thigh of five months’ duration In February, 1909, he first 
noticed a “squeezing” pain in the medial aspect of the left thigh It was localized, non- 
radiating, and not severe It grew gradually worse, however, with intermittent exacerba- 
tions, not provoked by any known activity Three weeks before admission it had become 
more severe on walking, and spread from the medial to the anterior aspect of the middle 
third of the thigh At times it radiated down the leg to the ankle It was worse at night 
The function of the knee was normal, and flexion and extension of the joint without 
weight-bearing did not increase the pain 

There were no other symptoms, there had been no injury to the thigh, no operations, 
and the patient denied venereal disease His only cliildhood illness had been measles 
He did not use alcohol, tobacco, tea or coffee There was no history of tuberculosis 
or malignancy in the family 

Physical examination revealed a well-nourished, muscular jmung man, with no sig- 
nificant findings other than the local lesion in the middle third of the left thigh This 
lesion was a palpable mass, about 6x8 cm , which was bonv-hard, immovable, nontender, 
except to deep pressure, and was apparently attached to the femur The overlying skin 
was normal Cltmcal Diagnosis Sarcoma of the femur 

Roentgenograms, unfortunately, since destroyed, are said to have shown slight thick- 
ening of the periosteum about the center of the shaft of the femur, particularly on its 
medial aspect The lesion was regarded as chronic periostitis, associated with oste- 
omyelitis, and operation was not advised The patient was discharged, July 27, 1909, to 
report to the Out-Patient Department for observation 

One month later he was readmitted Since his discharge the pain had increased in 
intensity and frequency There was no interference with function other than a sense of 
insecurity in the thigh, but the pain was so severe that it prevented walking The mid- 
left femoral region was now obviously larger than the right 

The findings on physical examination were essentially the same as on the first admis- 
sion The reflexes in the lower extremities remained normal There was no edema 
In the midthird of the left femur a hard, smooth mass could be felt It had not grown 
appreciably, was not especially tender, and apparently did not involve the overlying muscles 
or skin On August 26, 1909, operation was undertaken by Dr John Hartwell, with a 
preoperative diagnosis of chronic periostitis of the femur, and a possibility of periosteal 
sarcoma The white blood count was 8,750, with 79 per cent poljmorphonuclears, and 
no abnormal white cells 
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The tumor was appioximately four inches long and occupied the internal, anterior 
and posterior aspect of the bone It was fibrous, gristly and attached to the periosteum 
and underlying bone, from winch it was chiseled away en masse, leaving a roughened 
underlying bone surface It is the reporter’s impression that the medullary cavity was 
not entered The tumor was soft m places, with plaques of bony-hard substance It was 
not obviously vascular and contained no pus 

The postoperative course was uneventful, and the patient was discharged September 
17) 1909) 22 days after operation Coley’s serum was administered postoperatively 

Pathologic Repot t — No 6689 This described the tumor as a bony neoplasm, contain- 
ing, on the under surface, a milky exudate, apparently softened new growth Micro- 
scopically, It consisted of atypical bone without any haversian systems It was infiltrated 
with large cells with large vesicular nuclei and scanty protoplasm, appearing m masses 
between the spicules of bone Mitotic figures and multmucleated cells were common 
Pathologic Diagnosis Large round cell sarcoma 

Following discharge the patient was admitted to Memorial Hospital for further 
treatment with unfiltered Coley’s toxin Beginning with one mmim, on November 9, 
1909, injections were given in the thigh or buttock almost daily, m increasing doses until 
on November 30, 1909, the patient received 145 minims Treatment was then discon- 
tinued for six days but was resumed on December 7, 1909, and continued until December 
13) 1909 Altogether the patient received a total of 197 minims in addition to the 16 
doses previously given at the Presbyterian Hospital At the Memorial Hospital, from 
December 14, 1909, until his discharge on December 20, 1909, the patient suffered greatly 
with pain in his left thigh, headache, and backache, lequiring morphine for relief On 
December 15, 1909, the white cell count was 14,000, with 86 per cent polymorphonuclear 
leukocytes 

The patient was readmitted to the Presbyterian Hospital, December 21, 1909, com- 
plaining of pain in the thigh, which was constant, and nonradiating, it had grown 
steadily worse and the thigh had noticeably increased in size A hard, bony, tender 
fusiform swelling occupied the midthird of the internal and anterior aspects of the left 
thigh The skin and muscles were freely movable over the mass There was no fluctua- 
tion Over the tumor the thigh measured 47 cm as compared with 43 cm for the op- 
posite thigh The knee joint was held m a slightly flexed position and could not be 
straightened voluntarily The popliteal space was negative and the dorsalis pedis artery 
was palpable No palpable lymph nodes were discovered Clinical Diagnosis Sarcoma 
of the left femur 

On December 23, 1909, disarticulation of the left leg through the hip joint was 
performed by Dr Joseph Blake On removing the extensor muscles of the thigh a soft 
oval tumor, 12x7 cm , was exposed Its cut-surface was gelatinous and varied in color 
from pale pink to dark red It was very friable, and, adjacent to the bone, imparted a gritty 
sensation It was firmly adherent to the bone and appeared to spring from the periosteum 

Microscopically (Path No 10087), the tumor was found to be composed of medium- 
sized round cells, closely packed together and supported by very little stroma Blood 
vessels lay m intimate contact with the cells which radiated from the vessel walls in a 
manner suggesting that they originated from the vessels Large spaces in the tumor 
contained necrotic tissue and leukocytes Pathologic Diagnosis Round cell sarcoma 
(perithelioma) 

Dr A P Stout has recently reviewed the sections of the tumor and reports as 
follows “Sections show that the tumor is composed of long cords of cells, which are 
usually solid and are separated from one another by strands of fibrous tissue In a 
considerable number of instances there is a capillary m the center of a fibrous tissue 
strand The fibrous tissue m every instance separates the capillary from the tumor cells 
Where the tumor masses are large, the cells, at the greatest distance from the capillaries, 
are necrotic The section shows a few spicules of bone Most of these, in turn, are 
necrotic, due apparently to pressure from the massed tumor cells which fill the marrow 
spaces A few of the spicules suggest new formation of bone In every instance this is 
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an irritative and not a neoplastic type of proliferation The individual tumor cells are, 
for the most part, rounded, averaging 20 microns in diameter The nucleus is hyper- 
chromatic, but the nucleoli are, for the most part, small and inconspicuous Mitoses aver- 
age one 111 every high-power field, and in some regions are more frequent than this The 
nuclei are centrally placed and are surrounded by thin zones of cytoplasm, which is palelj 
stained and inconspicuous So far as one can tell from the hematovylm-eosin stain, 
there are few or no fibers accompanying the tumor cells except for the broad septa 
which separates the cords of cells This picture is characteristic of the bone marrow 
tumor, variously classified as reticulocytoma, endothelial myeloma, and Ewing’s tumor 
P athologic Diagnosis Ewing’s tumor of the femur ” 

Subsequent Couise — ^The patient left the hospital February 4 1910, and four 
months later resumed his work as an engraver He was then lost sight of until October 
2, 1922, when an insurance company, to whom he applied for insurance, requested a 
report of the hospital findings The patient has since been followed continuously Re- 
peated examinations have revealed no evidence of recurrence clinically or roentgeno- 
graphically In April, 1937, he began treatments in the Aletabohsm Clinic for diabetes, 
\\hich he had rccentlv developed This has since been controlled under a dietetic regimen 

SUMMARY 

A case of Ewing’s tumor of the femur is presented, with survival without 
lecurrence 31 years after the patient first presented himself for treatment 

Discussion — Dr Bradley L Coley (New York) said that Doctor 
Smith’s case was unique There are no other cases on record in the Bone Sar- 
coma Registry of a proven endothelioma of bone that has survived, as this one 
has, foi a period of over 30 years Furthermore, there are only 1 1 such cases 
m the entire Registry that have survived for five years or more 

As far as treatment is concerned, m the present case both surgery and 
Coley’s toxins were employed The late Dr William B Coley was very 
much mteiested m this patient and presented him on several occasions 
It was his feeling that the toxins pla)''ed a definite part in the prevention of 
distant metastases In this connection, it might be of interest to mention 
that of the 1 1 five-yeai survivals of endothehomata of bone listed in the Bone 
Sai coma Registry, six received toxins In this group, of which six were males 
and five were females, theie were no five-year survivals following the use 
of radiation alone, or toxins alone In only two instances were surgical 
measures alone employed Three were treated by surgery and radiation, one 
by surgery and toxins, one by ladiation and toxins, and four by surger}^ plus 
radiation and toxins 

The patient is free of signs and symptoms of local or distant persistence 
of this tumor on December i, 1941, thirty-two years after operation 
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EARLY SKIN GRAFTING IN WAR WOUNDS OF 
THE EXTREMITIES^ 

John IMarquis Converse, MD. 

New Y’ork, N Y 

from the department of rD\STIC SDRGFRT, AMERICAN llOSUTVE IN IIRIT UN, ONFORD, ENGLAND 

Injuries or the exiremities occunmg m modem waifaie often pio- 
duce wounds with extensive skin losses ci eating special pioblems These skin 
losses may be due to extensive laceiations by glass oi otiiei flying mateiials 
due to bomb explosion Large flaps of skin may be avulsed by bomb blast 
Bomb fiagments hitting bone cieate an explosive effect with maiked tissue 
destiuction Deep bums destioying skin have been frequent, due to the 
great development of mechanized warfare, and the ever met easing use of 
incendiaiy bombs 

The chaiacteristic wound seen m air raid casualties is pioduced by ciush- 
iiig The patient is ciushed by falling building mateiials causing multiple 
injuries and compound fractuies Localized thiombosis and gangiene of 
whole aieas of tissue occur — these areas latei separate as sloughs 

These wounds may show skin destruction tending to encircle the limb 
Following the spontaneous healing of such a wound constiiction may result 
causing circulatoiy distuibances in the extremity 

The skin destruction may be situated neai a joint Conti actures limiting 
the function of the ai ticulation may be the sequela of such a wound 

In compound fi actures, one or many wounds may be found either in 
direct relation to the fracture site or in the proximity of the fracture When 
the wound presents considerable loss of superficial tissue, healing may be 
incomplete and of poor quality, thus giving an inadequate covering to the 
fiactured bone Infection may delay healing and consolidation of the frac- 
ture Under plaster such a wound is a natuial culture medium, and may 
discharge an abundant and fetid, purulent exudate of rich and varied 
bacterial flora Great delay in the performance of important secondary bone, 
nerve or tendon surgeiy may be due to the presence of an unhealed wound 
undei plastei 

When bone is exposed tin ou gh the loss of superficial covering and perios- 
* Read beford the Royal Society of Medicine (Section on Orthopedics! 
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teum, It becomes devitalized, sequestrated, and is open to infection and osteo- 
myelitis Tendon left uncoveied is destined to slough 

To restore noimal function to the extremity, m many of these cases, 
extensive secondary plastic i econstructive opeiations are often necessary^ 
further delaying the patient’s return to active work It is felt that many of 
these late complications could be avoided by the early replacement of the 
skin loss 



Tig I — Section of three month old granulation tissue 
showing de\elopment of deep fibrous tissue (a) Chronic 
inflammator> granulation tissue (b) Deep fibrous tissue 
layer 

Pathology of the Unhealed Wound — The importance of early wound 
epithelization is bi ought out by the study of the changes that occur in a wound 
failing to piesent rapid spontaneous healing 

In normal wound healing a double regenerative process occurs — that of 
connective tissue and that of epithelial tissue Healing is not achieved until 
the new connective tissue, known clinically as granulation tissue, is covered 
by a continuous layei of new epithelium Sections made of young granula- 
tion tissue show numerous newly-formed blood vessels and fibroblasts The 
latter are situated in a paiallel fashion to the blood vessels 

In older granulation tissue, often in wounds, even as early as three to 
four weeks old, towards the base of the layer of granulation tissue the fibro- 
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blasts assume a more hoiizontal direction, thus tending to be perpendicular 
to the blood vessels At the same time between the fibi oblasts appear con- 
nective tissue fibeis and collagen (Fig i) 

As the unhealed wound glows older, this deep layer of fibrous tissue tends 
to increase at the expense of the supeificial layei of granulations Large 
numbers of capillaiies are obhteiated, thus depiivmg the superficial layer 
of granulation tissue of some of its blood supply The granulations tend, 
clinically, to appeal cyanotic and edematous due to venous congestion This 
first evidence of impaiied circulation is impioved by pressuie ovei the wound 
The deep fibrous layer slowly invades the superficial gianulation tissue, 
the surface of which tends to become necrotic through defective circulation 
and secondary infection Finally, the whole wound tends to become a mass 
of fibrous tissue 

It can thus be seen that the pathologic picture of an unhealed wound is one 
of gradually diminishing blood supply, and of piogiessive iiiciease of fibrous 
tissue This produces an incieasingly unfavoiable base foi the spread of 
epithelium and predisposes the wound to secondaiy infection 

Role of Injection — Infection by pathogenic organisms lead to wound 
suppuration The presence of pus appears to be detrimental to epithelial 
growth, in general Furtheimoie, certain organisms seem to have a specific 
inhibiting action on new epithelium This is paiticulaily tiue of various 
types of stieptococci Colebrook and Fiancis^ have repoited the remarkable 
giowth of epithelium following the disappeai ance of the streptococcus from 
supeificial wounds aftei local applications of sulfanilamide powder 

In the stage of acute inflammation, the accompanying edema may prevent 
the occurrence of conti action, which is a vei y important phenomenon in wound 
healing 

Importance of Wound Conti action — Conti action of the wound takes place 
early in the process of healing, and continues dining and aftei epithehzation 
Piimary contraction occurs following a ‘"silent” or “lag-period” duiing which, 
thiough phagocytosis, the elaboration of enzyme, and exudation of lymph, the 
wound rids itself of devitalized tissues and foreign bodies Its occurience is 
gieatly hastened by the suigical removal of the destioyed tissues by debride- 
ment This contracture is probably due to pull of the elastic fibers within 
the connective tissue in and around the wound It is an effoit to make the 
wound smaller, and close it off from the surrounding tissue 

Secondary contraction takes place later in the process of wound healing 
When the unhealed wound is invaded by fibrous tissue, connective tissue 
cells and collagen appear Conti action proceeds slowly and may continue 
even after epithehzation The progressive conti action along a scar-hne is 
well known This late contraction tends to bring the epithelial edges of the 
wound closei together and is the cause of constrictions, contractures, and 
deformities of the extiemities The longer the wound remains unepithehzed 
the more marked these defoimities will become 
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Primary contraction constitutes one of the most important elements of 
wound healing It gieatly diminishes the size of the wound that is to heal 
The defect m deep wounds is filled by surrounding tissue and muscles being 
“pulled in” as a lesult of tissue conti action 

Piimaiy wound conti action is such an impoitant element of wound healing 
that It is possible, to a ceitam extent, to predict the rapidity and the quality 
of the wound repair accoiding to whether the wound is situated m a position 
favoiable oi unfavorable for wound conti action Contraction occurs best 


A B 



I 



A B 


Top — Fig 2 — (A) E\teiisuc i\onnd of tliigli in compound comminuted fncture of femur due to 
bomb fngment (B) E\ample of healing bj contraction of Mound shoun in (A) eight months after 
injury 

Bottom — Eig 3 — (A) Wound of compound fracture of tibia after four months’ treatment in closed 
plaster Note absence of epithelization (B) Healing obtained by secondary debridement and skin 
grafting at time of change of plaster 

when muscle tissue is abundant Thus, it can be stated that, in a general 
way, conti action and consecpiently wound healing are directly proportional 
to the amount of musculai tissue around the wound To cite the lowei e\- 
ti emity as an example, wounds of the thigh generall)'’ heal well, while wounds 
of the anteiioi tibial legioii heal poorly (Figs 2 A, 2B, 3 A and 3B) 

The size of the wound has a bearing on the evolution of healing Epi- 
thelial regeneration thiough a process of cellular enlargement, multiplication 
and migration, pioceeds at a ceitam latc If the loss of tissue is laige and 
if it IS m an unfavoiable situation for conti action, epithelization of the 
wound will take a certain length of time dm mg which the fibious changes, 
previously described, may occiii It is frequent to see large wounds over the 
tibia healed but coveied by epithelium resting on poorly vascularized fibrous 
tissue This pool coveiing foi the bone, which is destined to break down, 
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appears to beai some of the i esponsibihty foi the chiomcity of osteomyelitis 
of the tibia 

The “Vicwns Cucle’’ oj the Unhealed PFoinirf —Where the skin loss is 
extensive, and when wound conti action is pool, fibrous tissue develops The 
circulation of the wound is impaiied and infection occuis Epithelial growth 
IS retarded and nioie fibious tissue is deposited This cycle can repeat itself 
indefinitely The result is an unhealed wound 

Fiom these considerations, one is led to conclude that the rapid covering 
of the wound by epithelium is desirable If spontaneous epithelial legenera- 
tion appeals difficult, it is piefeiable to lesoit to the aitificial piovision of 
epithelium thiough skin grafting 

INDICATIONS FOR SKIN GRAFTING 

A skill giafting opieation should be considered 

(1) When the skin loss is such that it appeals piohahle that impair- 
ment of function of the extremity will lesult 

This applies particularly to wounds about the joint surfaces and to 
wounds which tend to be circular and aie liable to cause conti actures and 
ciiculatory difficulties 

(2) JVhen spontaneous healing of the ivoiind appeals nnpiobahle 

In the aged and debilitated when the wound is m an unfavorable anatomic 
situation for healing 

(3) When lapid healing is desnahle 

Skin giafting makes possible at an earliei date secondary opeiations such 
as nerve suture or grafting, secondary tendon sutuie, or secondary bone sur- 
gery In such cases epithelial healing may be achieved m lo days, when 
spontaneous epithelization may be prolonged foi months Thus, one is led 
to feel that skin giafting is justified whenever theie is an appreciable skin loss 

SKIN GRAFTING OF OPEN GRANULATING WOUNDS 

A Study was made of no skin grafting opeiations pei formed between 
October, 1940 and June, 1941, at Rooksdown House, and the American Hos- 
pital in Britain, Park PreM'’ett Hospital, upon infected gianulating wounds 
Records were kept of the date and cause of the injuiy, the date of the skin 
grafting operation, the bacteriology of the wound before and after operation, 
and the percentage of success of the skin gi aft One hundred per cent repre- 
sented a complete ''take ” The operative procedure and postoperative follow- 
up were noted Skin grafting was undertaken from two weeks to nine months 
after injury 

Aside from technical details of fixation of the graft, adequate pressure, etc , 
two mam factors were found to influence the success of the skin grafting 
(i) Wound infection, and (2) wound fibrosis 

(1) Wound Infection — Infection creates suppuration Purulent exu- 
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date Will lift the giaft away from the wound, thus pi eventing its adherence 
and “take ” Failuie, due to suppuiation, may be due to the presence of any 
of the pathogenic organisms Certain oiganisms appear to have a specific 
action upon the “take” of the giaft In the presence of an acute hemolytic 
streptococcic infection (untreated by specific chemotherapy) skin grafting 
IS generally unsuccessful Coincident with signs of acute inflammation the 
wound IS filled with serosangumeous pus which displaces the graft from its 
bed A dissolution of the layer of fibrin which causes the adherence of the 
graft appears to take place This is probably due, as suggested by Colebrook, 
to a fibrolysm of the sti eptococcus A late ulcerative action is observed 
frequently m giafts that have appeared successful This is usually found to 
be due to the hemoyltic sti eptococcus If uncontrolled it may destroy the 
whole graft 

The advent of chemotherapy has allowed great contiol over the hemolytic 
sti eptococcus By the use of local chemotherapy it has become possible to 
obtain sti eptococci-fi ee wounds, usually within a few days after initiation of 

Table 1 

LOCAL CHCM0TIIERAP\ AND SKIN GRArTING OF HEMOLYTIC STREPTOCOCCUS (TYPE A) INFECTED WOUNDS 

Total Number of Cases — 8l 

Per Cent 
Skin Graft 


No of Cases Take 

(1) Failures due to absence of use of local chemotherapy during skin grafting 12 0-35 

(2) Failures due to sulfonamides — resistant strain of hemolytic streptococcus P 0-25 

(3) Successful skin grafts in hemolytic streptococcus infected wounds follow - 

ing secondary d 4 bndemcnt and local chemotherapy S o-70 

(4) Successful grafts m wounds previously freed of hemolytic streptococcus 

by local chemotherapy grafted following secondary debridement and 
local chemotherapy SS 


Total 8 1 

treatment The wound is freed of purulent exudate by means of dressings, 
baths, and mechanical iingation The bacteiiostatic action of sulfanilamide 
powder applied locally can then take place ^ After this treatment, it has been 
possible to perform skin grafting upon wounds presenting cultures free of 
hemolytic streptococci 

A sulfanilamide-resistant streptococcus persisted in nine patients Skin 
grafting performed in the presence of this organism was generally unsuc- 
cessful ^ 

At the time of the skin grafting, sulfanilamide powder was blown over the 
wound before application of the graft in most cases The drug was insufflated 
as a thin layer of powder with Pearce’s insufflator No evidence could be 
found that the presence of sulfanilamide beneath the graft interfered in any 
way with the “take” of the graft 

The clinical value of this local chemotherapy at the time of operation is 
demonstrated by the fact that all complete failures, due to a streptococcal 
infection, were found to have not had this added protection or to have pre- 
sented a suIfanilamide-resistant streptococcus, in which the drug had no effect 
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upon the organism In five wounds, skm grafting was carried out success- 
fully in the presence of hemolytic streptococci (Type-A), with the aid of 
local and oral chemotherapy If, furthermore, one considers that 72 per 
cent (81 cases) of these granulating wounds were found to have been in- 
fected by hemolytic streptococci at some time m their clinical course, the 
importance of chemotherapy is evident (Table I) Oial sulfanilamide was 
administered m doses of from thiee to six grams daily, in the adult, over a 
period of from three to seven days in those patients whose wounds were 
recently freed of stieptococci (24 cases) The percentage of skm graft “take” 
was no higher m those cases leceivmg oral chemotherapy 



The Bacillus pyocyaneus causes failuie in most cases where skm grafting 
IS attempted in its presence Through, probably, a proteolytic action of the 
oigamsm, the graft becomes very thick, greasy in appearance, and, finally, is 
removed as a slough Practical failures were observed m the five cases 
giafted m the presence of Bacillus pyocyaneus In five other cases grafting 
was performed after excision of the wound In two cases, the graft was suc- 
cessful, and there was no reappearance of the organism In three cases, 
giafting was nearly completely successful, although a recurrence of the 
Bacillus pyocyaneus was noted These wounds healed rapidly by second 
intention It seems to be a distinct advantage in wounds containing Bacillus 
Pyocyaneus to perform excision before skm grafting, as this organism does 
not appear to thiive in freshly excised tissues The influence of Bacillus 
p) ofeus upon skin grafting was not observed 

The staphylococcus seems to influence the “take” of the skm graft only m 
pioportion to the amount of exudate produced in the wound Most cases 
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of comiDlete “take” of grafts were noted to have presented staphylococci and 
diphtheioids at the time of opeiation However, wound healing and, con- 
sequently, successful skin grafting does not depend totally upon the bacterial 
status of the wound A wound may be sterile, but may present no evidence 
of healing 

(2) IV ound Fthos^s — ^The production of fibrous tissue m the deep layer 
of the gianulation tissue of the wound diminishes the local blood supply and 
tends to cieate a poor base for a skin graft It would seem pieferable, theie- 
fore, paiticulaily in older wounds, to excise the wound, whenevei this is 
possible in order to obtain a vascular base for the giaft 

Statistics showed (Chart I) that when secondaiy wound excision was done 
(54 cases) the peicentage of skin graft “take” was 88 per cent When 
wound excision was not done (56 cases) the peicentage of skin graft “take” 
was 52 pel cent In some of the cases in this lattei group (22 cases) the 
granulating layer was superficially excised or scraped, thus exposing the 
fibrous layer before giafting In these cases the peicentage of skin graft 
“take” was 68 per cent 

SECOND ARV DEBRIDEMENT (wOUND EXCISION) 

Secondary debridement of unhealed wounds consists in excision of the 
whole wound This includes the infected and fibrotic granulation tissue and 
the legeneiated epithelium until normal appearing tissues are exposed (Fig 
4) After this procedure, the wound edges leturn to the position they occu- 
pied befoie contraction hi ought them closer togethei The graft is applied 
upon this vascular muscle or fascia The great objection to this type of pio- 
ceduie in an infected wound is the possibility of a flaie-up of a quiescent 
infection, paiticulaily sti eptococcal It is felt that local chemotheiapy as an 
adjunct to secondaiy debridement pi events such an occurrence Complete 
secondary debridement, however, is not always feasible, particularly for 
anatomic leasons Extensive wounds ovei important nerves or vessels, or 
close to a joint capsule cannot be resected without danger to these stiuctures 
If the wound is over bone, theie should be no hesitancy in resecting the wound 
down to periosteum, as skin giafts “take” well on this vascular covering of 
bone 

TREATMENT WHERE SECONDARY DEBRIDEMENT (wOUND EXCISIOn) 

IS IMPOSSIBLE 

Where secondary debndement cannot be done it is necessary to produce, 
by othei means, a wound devoid of suppuration and bring about good local 
circulation Attempts are made to accomplish the following 

(i) Ehmimtwn of Suppuiafwn — Moist dressings, using a wide mesh 
vasehned gauze or a perfoiated nonadherent silk, will allow the continuous 
lemoval of purulent exudate The chemotherapeutic etiect of the sulfona- 
mides can then take place without being inhibited by the piesence of pus 
Local chemotherapy is highly successful against the hemolytic sti eptococcus, 
and less successful against other infecting organisms such as Bacdlus pyo- 

328 



Volume 115 
Kumber 3 


EARLY SKIN GRAFTING OF WAR WOUNDS 


cyaiiens and the staphjdococci A 2 pei cent solution of acetic acid has proven 
the best method of combating the Bacillus pyocyancus In a number of cases 
the application of sulfanilamide powder, four times daily, did rid the wound 
of this organism 

On dressings, it is important to tieat the skin around the wound with as 
much care as the wound itself Any small crust in the skin around the wound 
may hide a nest of organisms Saline baths, either the total-bath around the 
part, particularly helpful in multiple wounds 01 the partial hmb-liath, at tem- 
peratures varying from 986° to 110° F prove extremely useful 
The Bunyan envelope applied to 
the extremity m bed, without the 
necessity of moving the patient is 
valuable,® particulaily where othei 
equipment is limited A 5 per cent 
h3^pochlorite solution is used for irri- 
gations One disadvantage of the 
Bunyan envelope is the impossibility 
of applying the piopei amount of 
pressure ovei the wound 

(2) Piovtswn of Good Local 
Cuculatwn — Fiim elastic piessure 
should be established during the 111- 
teivals between the diessings or 
baths, not only ovei the wound itself, 
but ovei the whole of the extiemity 
distal to the wound The dependent 

position should be avoided and com- r,c 4 -niustrat.n'g secondary vound ‘ resect, on 
plete immobilization is essential (debndement) 

When suppuiation is conti oiled and a good bacteiial status is obtained, 
the supeificial layer of the gianulations is lesected down to the fibious layer, 
and skill giafts aie applied over a thin layei of sulfanilamide powder Thus, 
by eliminating the pus-producing granulations, a gi eater chance of skin graft 
“lake” is obtained than if the giaft weie applied to the untouched gianulations 
The Choice of Sulfonamide foi Local Chemofheiapy ni Skin Giafting — 
Sulfanilamide and sulfathiazole were the only two compounds used Sulf- 
anilamide was preferred for local use 111 open wounds on account of its highei 
absoiption late Sulfathiazole, unless insufflated in very small quantities, 
tended to “cake ” This situation was particularly impoi tant undei skin 
giafts Skin grafts applied ovei sulfanilamide healed well, ovei sulfathiazole 
nuineious small aieas in the graft appealed to have broken down, possibly 
due to the unabsorbed sulfathiazole Sulfathiazole was used, however, where 
a slow progiessive absoiption was desired as in a wound undei closed plaster 
In such cases the drug was found 111 the blood for as long as thiee weeks ^ 
Obseivatwns on Epithehsatwn —The ‘Xlosed PlasteB’ Veisus The 
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“Open” Tieatment oj Wounds Under plaster the wounds received complete 
immobilization and adequate pressure, which controlled systemic infection 
and favored local circulation ® Local infection was not controlled as evidenced 
by the purulent exudate containing a rich and varied bacterial flora 

The “closed plaster” appeared to favor, to a high degree, the connective 
tissue repan of the wound It was a constant surprise at the change of plaster 
to see the vascular-appearing granulations under the pus It did not, how- 
ever, seem to favor epithelial regeneration, which was very slow Some 
wounds, aftei months in plaster, showed little new epithelium The epi- 
thelium, furthermore, appeared of poor quality, thin, and could easily be 
wiped away with gauze 

Generally speaking, the wounds that did heal well under plaster appeared 
to do so by maximal contraction and by minimal epithelization It is felt 
that these facts are explained by the fact that the stagnation of purulent 
exudate is unfavorable to epithelial growth 

Attempts were made to dress the wounds of compound fractures through 
windows cut in the plaster This method proved unsatisfactory Local edema 
occuired m the wound, it was found difficult to keep the area surrounding 
the wound clean, and exudate tended to diffuse under the plaster To expose 
the wound adequately it was often necessary to cut a window so large as to 
menace the stability of the fixation 

Wounds piesenting skin losses weie frequently observed under plaster 
where, because of their unfavorable anatomic position and the extent of the 
skin loss, epithelial healing could only take place, if at all, after a long time- 
interval During this time the increasing fibrosis would be such as to seri- 
ously impair the circulation of the limb by constriction, and to produce wound 
healing of poor quality which is destined to break down repeatedly Other 
cases were observed where unhealed superficial tissue losses under plaster 
held back the performance of important secondary surgery on the bones, the 
nerves or the tendons 

It became evident that m such cases gieat benefit would be derived from 
successful skin giaftmg of the wounds 

Secondaiy Skm Giajtmg m Compound Fiactwes — In these cases, the 
wounds were observed when the plaster was changed and cultures were taken 
If grafting of the wound appealed indicated, plans were made for this pro- 
cedure at the next change of plaster After removal of the plastei , the wound 
and surrounding skin were thoroughly washed, and all exudate, dried pus, 
and crusts were removed A skin graft was then removed fiom one of the 
thighs A total debridement of the wound was performed, m which all 
tissue down to healthy muscle, fascia or periosteum was removed Sulf 
amlamide powder was then applied with Pearce’s insufflator and the skin 
graft immobilized with a pressure dressing and bandage A plaster encase- 
ment was reapplied to the extremity On removal of the plaster from four 
to SIX weeks later, skin graft “takes,” varying from 70 to 100 per cent were 
found (Fig 5 A and B) This type of procedure was carried out m ii 
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cases presenting extensive wounds m relation with compound fiactures 
(Table II) 


Table II 


SKIN GRAFTING OF INFECTED WOUNDS OF COMPOUND FRACTURES 





No of Days 


Bacteri- 

Per- 




between 

Secondary 

ology 

centage 




Injury and 

Debridement 

at Time 

of Skin 

Case 

Type and Cause 

Primary 

Skin 

before Skin 

of Skin 

Graft 

No 

of Injury 

Treatment 

Grafting 

Grafting? 

Graft 

"Takes” 

I 

Compound frac- 

DSbndement 

35 days 

Yes Wound of 

Staphylo- 

90 


ture of rt tibia 

Reduction 


anterolateral 

coccus 



and fibula 

Sulfanilamide 


aspect of leg 

aureus 



(Motorcycle ac- 

powder in wound 


8x9 cm 




cident) 

Closed plaster 



No growth 


2 

Compound frac- 

Dfibndement 

91 days 

Yes Two wounds 

100 


ture rt ulna and 

Reduction No 


encircling fore- 

on cul- 



radius (Bomb 

sulfanilamide 


arm SX 7 cm 

tures 



fragment) 

powder in wound 
Closed plaster 


each 



3 

Compound frac- 

Pnmary attempt 

37 days 

Not done Wound 

Few B 

0 


ture of tibia 

at closure of de- 


loxis cm 

pyocyan- 



(Tank crash) 

fect by plastic 
using two lateral 
flaps Closed 
plaster 


Yes Same wound 

eus 


4 

Same case as 

Same treatment 

S6 days 

Few B 

80 


above 

as above 


loxis cm 

pyocyan- 

eus 

Staphylo- 


S 

Compound frac- 

Debridement 

39 days 

Yes Upper lat- 

100 


ture upper end 

Reduction 


eral aspect of rt 

coccus 



rt radius 

Closed plaster 


forearm 

aureus 



(Bombing) 



8x13 cm 

and albus 


6 

Compound frac- 

Treatment same 

Treated 8 

Yes Superior 

Few Staph 

70 


ture upper 14 of 

as above 

months 

anterolateral 

aureus 



tibia 


in closed 

aspect rt leg 

and B 



(Motorcycle 


plaster 

18x9 cm 

pyocy- 



accident) 


Unhealed 


aneus 


7 

Compound frac- 

Treatment same 

32 days 

Yes Anterolat- 

Hem 

90 


ture tibia, fibula 

as above 


eral aspect leg 

strep , 



lower 14 



10x12 cm 

Staph 



(Motorcycle 

accident) 




albus 


8 

Deep burns and 

Closed plaster 

14 days 

Yes Removal 

Staph 

85 


fracture tibia and 

without debride- 


plaster Sec d6- 

aureus 



fibula (Pt 

ment 


brid two areas 

Diphther- 



pinned in bombed 
house by fallen 
masonry burned 
by coals from fire 



10x12 cm 

oids 


9 

Fracture disloca- 

Resection head 

IS days 

Yes Saline soaks 

Few hem 

85 


tion head of 

of radius 06 - 


for 3 days, then 

strep 



radius Open 

bndement 


skin grafting 

Type-C , 



wound 1ft elbow 

Sulfanilamide 


after conservative 

and few 



(Crushing injury 

powder Closed 


sec d6brid re- 

B pyo- 



sustained in 

plaster 


moving sloughs 

cyaneus 



bombed house) 



Sulf powder 

Left elbow 




Compound frac- 



26x15 cm 



10 

Same as above 

41 days 

Yes Anterolat- 

Hem 

100 


ture rt tibia and 



eral aspect of rt 

strep 

except 


fibula lower }4 



leg, small area 

few 

for area 


(Motorcycle 



bone exposed 

Staph 

over 


accident) 



10x13 cm 

aureus 

bare 


Compound frac- 




and diph- 
theroids 

bone 

II 

Debndement 

22 days 

Yes Ant aspect 

Hem 

70 


ture of left tibia 

Reduction 


leg, skin graft- 

strep 


and fibula 

Closed plaster 


ing Closed 



(Bombing) 



plaster 6x9 cm 




This method of skin grafting wounds of compound fractures interferes 
in no way with the routine closed plaster treatment It brings, however, 
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to this method of treatment, the one element m which it appears deficient, 
namely, epithelium 

Removal oj Slough Pai hctilaj ly in Bin ns — Wounds that have not been 
primarily debnded often present large sloughs These sloughs should he 
treated surgically by secondary debridement followed by immediate skin 
grafting This situation is particularly frequent in severe burns where it 
is difficult to estimate, at the onset, how much tissue damage has taken place 
If immobilized in plaster for ten days to two weeks the slough delimits itself 
and can be debnded and grafted at that time This secondary debridement 
obviates the necessity of waiting for these sloughs to separate spontaneously 
This may take weeks during which much time is lost, wound fibrosis is 
developing, and secondary infection may supervene 



Tig s — (A) Wound of compound fracture of tibia (B) Appearance of uound after secondary 
debridement, skin grafting and immobilization in plaster for four weeks The skin grafting has been 
done during a change of plaster, thus interfering in no way with the routine closed plaster treatment of 
the fracture 

Secondaiy Skin Giafting in Compound Fiactuies Tieated by Erfeinal 
Skeletal Pin-Fixation, zvithout Closed Plastei — In such cases the wounds 
can be treated by local chemotherapy, and other methods, under conditions 
similar to those found in skin grafting of open granulating wounds as de- 
scribed above 

(1) Pumaiy Deh idement Piimaiy Skin Ciajting — The most opportune 
time to provide the wound Avith a skin covering would appear to be at the 
time of the primary debridement After resection of all the devitalized tissue 
and removal of foreign bodies, thus, creating a saucei -shaped wound, a skin 
giaft is laid into the wound and held in position by the firm even pressure 
produced by cotton-wool or sponge The plaster can be applied immediately 
over this dressing or a bandage including not only the wound area but the 
whole limb can be used for fixation before the application of the plaster 

The compound fracture is then treated by the closed plaster method, the 
plaster being changed at the desired time-interval The skin grafting has 
m no way interfered with the routine closed plaster treatment, but adds to 
this method the great advantage of an epithelized wound 

(2) Secondaiy Debi idement Secondaiy Skin Ciajting — Under the stress 
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of conditions prevailing at the time the patient is received at the hospital (air 
raid), in order to save time, it may be pieferable to peifoim the piimaiy 
debridement, use the local chemotherapy in the form of sulfanilamide poivder 
or a gauze dressing saturated with the diug m the wound, then apply the 
piaster and postpone the skin grafting until more time is available It is 
possible that the tenth day may be the most suitable time for this pioceduie 
The plaster is then removed and a skin graft applied 

Often it IS impossible m crushing injuries, or in deep burns, thud degree, 
to distinguish the extent oi the depth of the tissue desti uction This is par- 
ticularly true in burns In some bums, it is true, the white, dead parchment 
skin IS obviously destroyed , nor can there be any doubt when there is marked 
charring of the tissue A primary debridement followed by a primary skin 
graft constitutes the treatment of choice If there is doubt, however, as to 
the extent or the depth of the burn, the extremity can be immobilized in a 
skm-tight plaster This gives the injured extremity rest and adequate pres- 
sure, and the plaster protects the wound against cross-infection This plaster 
immobilization is carried out for ten to 15 days At this time a slough will 
have appeared, delimiting the aiea of devitalized skin and superficial tissue 
The plaster is removed, a secondary debridement is earned out, and is fol- 
lowed by an immediate skin grafting proceduie 

Conti atiidicafions for Skin Gi offing — It is evident in many cases where 
the wound is deep, involving the fascial planes, where suppuiation exists, 
01 where there may be a large muscle tissue defect — that it is essential to 
wait until infection is limited and the connective tissue repair has taken place 
before skin grafting can be consideied 

Types of Skw Giaff Used — The most suitable graft is the “thick, lazoi- 
giaft,” also called the “intei mediate” 01 “split-graft ” It is cut with the 
Blair skin graft knife, usually from the lateral or medial aspects of the thigh 
This graft is thicker than the Olher-Thieisch The latter graft, because 
of its thinness, has a slightly higher degree of “take ” It is, however, less 
resistant to functional stress than the intermediate graft which gives a strong 
epithelial covering that 111 most cases will be permanent 

The “pinch-giaft” (Davis) is not suitable in the type of repair considered 
It gives epithehzation by “second intention,” the epithelium spreads out 
from the individual islands that are grafted The “pinch-gi aft” is valuable 
111 extensive bums, if little skin is available for skin grafting, otherwise the 
best result can be obtained with the “sheet” type of graft, which, if placed 
under suitable conditions, will take pei pi imam 

Removal of the razor -graft requires some practiced skill Two recent 
additions to the surgeon’s armamentarium have rendered the removal of 
skin grafts easier, namely, the deimatome (Padgett), and the calibrated 
razor knife (Humby) The thickness of the graft should be about 14/1000 
of an inch, as calibrated by the Padgett dermatome The giaft can be spread 
ovei tullegias 01 vaselined gauze (Gillies) before being applied over the 
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wound If multiple pieces of graft are needed they are laid on the tullegras 
slightly overlapping, so as to form a continuous epithelial covering 

Covenng of Bone and Tendon — Skin grafts are not successful over bone 
deprived of pei losteum Although they will take well on the latter membrane, 
they aie usually unsuccessful over tendon deprived of its sheath In such 
cases It IS necessary to cover exposed structures with a flap of skin consisting 
of subcutaneous tissue and fat, cut from the side of the extremity and trans- 
posed over the defect The wider this flap is made, the better its blood supply 



Tig 6 — Rotition flap for covenng tibial graft (A) Outline of rotation flap (B) 
Rotation flap is undermined and eleiated (C) Rotation of flap is completed and flap 
covers the tibial defect 


In the tibial region the use of local flaps will often allow covering the bare 
bone A rotation-flap (Fig 6) is suggested as the best type of flap, par- 
ticularly m long defects Here, the use of parallel advancement-flaps may be 
dangerous, as they tend to become devitalized because of their length Over 
the dorsum of the foot, if there is a large defect, local flaps are not available 
The employment of an immediate direct flap from the opposite thigh is rarely 
feasible on account of the difficult position of immobilization necessitated in 
a patient who is often in poor condition In such cases the removal of the 
outer table of bone will favor the giowth of granulation tissue under a closed 
plaster On these granulations a skin graft may be applied as a temporary 
dressing Often this skin graft may not stand the strain of walking, or the 
pressure of the shoe The skin graft can then be excised and a full-thickness 
flap of skin be applied, taken from the opposite leg 

The immediate covering of tendon is imperative to prevent sloughing In 
small defects of the finger the procedure is employed in which a flap is taken 
from the side of the finger and used to cover the tendon Then the defect 
left by the mobilization of this flap is skin-grafted In large defects, where 
the tendon is uncovered over the whole length of the finger, the digit must he 
covered by an immediate direct flap, or buried in a skin-pocket in the abdomen 
or thigh 

Avulsed Flaps — Large avulsed flaps, when they present a wide base, may 
be successfully sutured back into position If the base appears insufficient it 
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IS preferable to remove all the fat, until the base of chonum is exposed, thus 
conveiting it into a full-thickness graft ovei which adequate pressure is 
applied as foi a fiee graft 

SUMMARY AND CONCLUSIONS 

War wounds with extensive skin loss aie often followed by contractions, 
constrictions and deformities of the extremities, necessitating secondary re- 
constructive surgery In wounds remaining unepithelized longer than from 
three to five weeks, fibrous tissue changes occur which diminish local blood 
supply and open the way to secondary infection 

Skin grafting of infected granulating wounds, following secondary de- 
bridement and local use of sulfanilamide powder has given success in per- 
centage of skin giaft ‘'takes,” estimated at 88 per cent m 56 cases In wounds 
of compound fiactures, skin grafting has been undertaken successfully during 
the routine change of the closed piaster following secondary debridement and 
local use of sulfanilamide powder 

War wounds presenting skin losses should be skin-grafted immediately 
by a primary “skin dressing ” This procedure avoids complications and 
greatly reduces the healing period of the wound 

When immediate skin grafting is not possible or when it is impossible to 
determine exactly the extent of the tissue destruction, as in deep burns, im- 
mobilization in plaster for ten days to two weeks allows the devitalized tissue 
to delimit Itself in a slough, which is then resected and skin-grafted 
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Approximately two-thirds of all brain abscesses arise fiom local infec- 
tions about the head ^ While most aie of otitic oiigin, about lo pei cent of 
the total numbei arise fiom othei foci about the cranium,^’ notably the frontal 
sinuses and the soft tissues of the face and scalp To the latter gioups, osteo- 
myelitis of the skull bears close relationship, inasmuch as it is often the fiist 
complication to aiise fiom the oiiginal site of infection It, theiefore, appeals 
desirable, m the mteiest of prophylaxis, to study the mechanism whereby a 
simple local infection about the head leads to cianial, then giaver mtracianial 
involvement 

Swimming , sots aspiration of water into the nose, has been the 

frequent origin of a fulminating infection which led to osteomyelitis, biain 
abscess, and death, particularly in young individuals, as illustrated in one of 
oui cases Other common conditions that have preceded such involvement 
aie the oidinaiy cold and its accessoiy sinusitis,®’ furunculosis of the 
face and scalp,® peritonsillar abscesses,^®’ and apparently minor head 
injuries Simple "office treatments” of the nose and accessory sinuses^® 

have likewise been the piecuisors of intracranial infection, though not as 
commonly as have radical sinus opeiations^® 

The importance of uncommon local foci as causes of cerebial abscess has 
recently been recognized by Carmichael, Kernohan, and Adson,®’^ who indi- 
cated that, aside fiom isolated case reports, adequate statistics on this group 
are wanting The relative incidence of cerebral abscesses of various origins 
among autopsied cases recently repoited maj’' be seen fiom Table I 

In a recent review, Mosher'* pointed out that fully half of the cases of 
spreading osteomyelitis of the skull aie complicated by intracranial abscesses 
Of 91 cases of cianial osteomyelitis reported by Lemon,® brain abscess was 
found as a complication in only 30 per cent In Turnei and Reynolds’** 
series of intracranial pyogenic diseases theie were four brain abscesses, all 
associated with bony involvement In McKenzie’s®* senes of 48 cases of 

* Read at the Combined Meeting of the New York Neurologic Society and Section 
of Neurology and Psychiatry of the New York Academy of Medicine, May 6, 1941 
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Table I 



COMPARATIVE 

INCIDENCE or 

BRAIN ABSCESSES 

or \ARIOUS ORIGINS 


Total No 
of Cases of 

No Cases of 

No Cases of 
Rhinogenic 

No Cases 
Due to Other 


Report of 

Brain Abscess 

Otitic Ongin 

Origin 

Local Causes 

Remarks 

Evans' 

194 

109 

12 

8 

Found among 14 543 au- 
topsied cases 

Courville and 
Rosem aid" 

S2 

47 

7 


Found among is 000 au- 
topsied cases 

Eggston"" 

67 

37 

18 

3 

Of the last group all 
followed osteomyelitis 
of the skull 

Bonninghaus 

713 

d 3 l 

82 


Cases collected from the 
literature up to 1910 

Mayfield and 
Spurling '9 

52 

16 

6 

7 

Based upon a study of 
32 patients surgically 
treated 


rhinogenic osteomyelitis of the skull, 45 had followed frontal sinus disease, 
and brain abscess had developed in ten The diffuse foiin of osteomyelitis has 
been found most frequently m connection with paranasal sinus infections, 
the more localized foims generally as a complication of local trauma or infec- 
tion Microscopic foci of osteomyelitis have been demonstrated about infected 
nasal sinuses by Kramer and Som While diffuse osteomyelitis is uncom- 
mon after ear and mastoid disease, minute foci of involvement of the petrous 
tip have recently been revealed as real or potential causes of brain abscess 
(Kopetzky and Almour,-" Eagleton,^^ and Fowler-'^) In our consideration of 
the pathogenesis of brain abscess, the importance of the intermediate role of 
osteomyelitis in relation to brain abscess ill be considered and the therapeutic 
implications noted 


Report of Cases 

Case I — M K , male, age 45, was admitted to Beth Israel Hospital, August 16, 1938, 
complaining of severe sore throat Examination revealed edema of the pillars and soft 
palate, and a necrotic grajnsh patch behind the left posterior pillar 

Neuiologjc Examination — ^The patient appeared dull, and presented marked^ de- 
fective speech and diminution of vision in the right eye Horizontal nystagmus was 
present bilaterallj The pupils reacted well and the fundi showed a slight temporal 
pallor of the disks, but no swelling There was slight paresis of the lower facial muscles 
Ataxia was present in the right finger-to-nose test All of the deep reflexes were normal 
and there were no pathologic reflexes 

Course — Excruciating headache developed, which was resistant to all forms of 
therapy Hearing became markedly impaired bilaterally, and bone exceeded air conduc- 
tion, but the ear drums were of normal appearance The ocular fundi showed some ful- 
ness of the veins and some blurring of the nasal side of the disks While the first 
four weeks of the illness were marked by an afebrile course, the last \\eek was marked 
by a sudden and persistent elevation of temperature of 103° to 105° F The pulse rate 
was coincidentally elevated In spite of the administration of large doses of sulfanila- 
mide and repeated spinal taps, the patient died 39 days after admission 

Laboratoiy Data — RBC 4,500,000, Hb 80 per cent, WBC 9,500, with 75 per 
cent polymorphonuclear leukocytes, 22 mononuclear cells and five eosinophils Roent- 
genologic examinations of the skull were negative 

Spinal fluid, examined September 14, 1938, Avas clear, under 85 Aim of ^^ater pres- 
sure, contained 60 mg per cent of protein, 580 mg per cent of chlorides, and 36 mg 
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per cent of glucose The cell count revealed eight white blood cells, of winch four were 
polymorphonuclear leukocytes The smear showed no organisms, and the culture was 
sterile 

Autopsy — Examination disclosed the presence of a retropharyngeal abscess, with 
extension of the inflammatory process in the epipharyngeal tissues (Fig i) , osteomyelitis 
of the clivus (Fig 2) The bony tissue at the base of the skull was partially destroyed 
Streaks of thick yellowish-green exudate were noted in the meninges in the region of 
the cisterna magna and over the right cerebellar hemisphere 


Bone 


Marrow space 


Epipharynx 


Fig I — Case i Base of the skull Fig 2 — Case i Inflammatorj process 

showing swollen epipharjnx with inflant m tissues adjoining the base of the skull 
matory changes The marrow spaces are Note the destruction of bone 
between the epipharjnx and the bony tissue 

Microscopic Evaunnatwu — Sections of bone removed from the clivus by a Harke 
incision showed hemorrhage and granulation tissue, with destruction of bone (Fig 2) 
The connective tissue between the pharynx and bone was widely infiltrated with leuko- 
cytes (Fig 2) 

The meninges were slightly thickened and were infiltrated by lymphocytes, plasma, 
endothelial cells and a few macrophages The vessels of the first layer of the cortex 
were invaded by the same type of inflammatory cells The nerve cells appeared normal 
except for occasional ischemia and slight loss in chromatin There was slight prolifera- 
tion of the endothelium of the smaller cortical vessels 

Sections through the centrum ovale disclosed inflammatory foci The basal meninges 
and the meninges m the region of the insula and those of the cerebellum and the spinal 
cord showed the same type of inflammatory reaction as described above The third 
ventricle contained inflammatory cells The ependyma was slightly thickened Ischemia 
and other cell changes were noted throughout the thalamus 

Comment — This case illustrates the advance of a peritonsillar abscess to 
meningitis and abortive abscess formation m the brain The intermediate 
relationship of osteomyelitis at the base of the skull was suspected m this 
instance A careful search through the Harke incision, on postmortem ex- 
amination, revealed the presence of a minute focus of osteomyelitis in the 
clivus (Fig 2*) 

* We are indebted to Dr A Plant, pathologist of Beth Israel Hospital, for the 
studies of the bone specimens in the above case 
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Case 2— A W, male, age 28, was admitted to Sydenham Hospital, March 5, 1938 
For the previous two weeks he had suffered from sore throat, difficulty m swallowing 
and some fever There was a fluctuant mass in the pharynx which was incised and 
drained of pus The temperature rose to 106° F , and the patient appeared lethargic 
Nciuologtc Examinahon — The patient was aphasic but responded to commands made 
as gestures There was neck rigidity and a bilateral Kernig sign The right cheek puffed 
out with each respiration The right coineal reflex was diminished All of the deep 
tendon reflexes were absent There was no Babinski sign Sensory examination was 
normal 

Fig 3 A 




Fig 3 B 

Fig 3 A — Case 3 Scar and abscess over the right frontal, pre 
motor and motor convolutions 

Fig 3 B — Case 3 Subarachnoid hemorrhage extending from the 
frontal to the occipital convolutions 

Laboi afo] y Data — R B C 4,590,000 , W B C 27,000, with 85 per cent polymorpho- 
nuclear leukocytes Pus obtained from the abscess m the pharynx yielded streptococcus 
nonhemolyticus on culture Tlie blood cultures were sterile throughout the illness 
The spinal fluid was under increased pressure and contained 300 cells per cu Mm , pre- 
dominantb" polymorphonuclear leukocytes 

Autopsy — Gross examination revealed a parapharyngeal abscess, empyema of the 
sphenoid sinus , empyema of the left trails'! erse, cavernous, and superior petrosal sinuses 
of the dura, purulent meningo-encephalitis of the temporal, parietal, and frontal lobes of 
the brain, multiple brain abscesses Of the left cerebral hemisphere and a solitary abscess 
of the vermis cerebelh The microscopic examination of the brain abscesses was not dif- 
ferent from those described in the other cases 
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Comment — Biain abscesses following pentonsillai abscesses aie of ex- 
tremely rare occunence Two similar cases have been reported within the 
past ten years The mechanism of spread has been illustrated m Case i 

Case 3 — R L , female, age 48, was admitted to the Montefiore Hospital, November 
24, 1926 An abortion pei formed 18 yeais previouslj' had been complicated by pelvic 
peritonitis, and for 15 years thereafter was followed by multiple abscesses in various 
regions of the body A large abscess had formed in the right temple, close to the eye, 
and had been incised and drained Operation, m June, 1925, disclosed osteomyelitis of the 
skull about the outer angle of the orbit Subsec|uently she developed headaches, recur- 
rent attacks of vomiting, and pronounced exophthalmos of the right eje 



Tic 4 — Case 3 Abscess destrojing frontal and 
temporal convolutions, tmading the basal gangli i 
(nijelin sheath stain) 


111 May, 1926, she lost consciousness foi a few minutes Examination disclosed 
weakness of the left hand, ataxia of the left upper extremity with slightly increased 
deep reflexes on the left A craniotomy perfoimed at this time revealed an extradural 
collection of pus and an abscess in the right frontal lobe of the brain Subsequently 
flaccid left hemiplegia, hemihypalgesia, hemihypesthesia and hypthermesthesia, a Babinski 
sign, and convulsive episodes developed On November 23, 1928 she became confused, 
apprehensive and incontinent, and died suddenly 

Autopsy — The dura was adherent to the skull at the right temporal region by thin 
fibious adhesions, and to the brain over the right frontal, precentral, and central convo- 
lutions by dense fibious tags (Fig 3 A) The right hemisphere was smaller than the 
left On the left side, there was an extensive subarachnoid hemoirhage extending from 
the precentral convolution to the occipital lobe (Fig 3 B), involving chiefly the super- 
ficial branches of the middle cerebral artery An abscess measuring 2x2 cm was present 
in the right temporal lobe In some areas this mass show'ed signs of organization (Fig 
4) The structures adjacent to it (external capsule, internal capsule, caudate nucleus) 
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weie partially invaded, distended, and destroyed (Fig 4) Caudally the thalamus and 
the lenticular nuclei weie compressed and their outlines weie indistinct 

Mjcioscopic Examination — Myelin sheath preparations showed demyehnation of the 
white fibers of the cortex, internal capsule, and basal ganglia (Fig 4) In the van Gieson 
and cresyl violet stains, the abscess did not have a well-defined capsule, but disclosed nu- 
merous bands of connective tissue tiaversiiig it (Fig 5) Between the dense mass of con- 
nective tissue and the damaged brain tissue there was a thin inner cellular zone consisting 
of lymphocytes, plasma, and endothelial cells The brain tissue beyond this area consisted 
mainly of large collections of inflammatory cells, gitter cells, and congested blood ves- 
sels The blood vessels, m the vicinity of the drained abscess and distant from it, showed 
extensive piohferative changes (Fig 6 A) The peiivascular spaces of some vessels 



Fig s — Case 3 The abscess does not have a well defined capsule Notice the 
bands of connective tissue traversing it (van Gieson st iin) 

were infiltrated with inflammatoiv cells (Fig 6 B) , m others, all the coats were in- 
filtrated with lymphocytes, plasma, endothelial and compound gianular corpuscles (Fig 
6 A) 

Tile involved coitical convolutions disclosed a complete distortion in the arrangement 
of the cyto-architectui al layers with marked destructive changes m the nerve and gha 
cells and proliferation of the vessels The ganglion cells in the cortex adjacent or distal 
to the abscess had also undergone various pathologic changes from mild chromatolysis, 
swelling, and ischemia to complete neuronophagia and severe cell changes of Nissl The 
subarachnoid spaces near and distal from the abscess were distended and filled with red 
blood cells, lymphocytes, plasma, endothelial and gitter cells 

Comment — In this case the brain abscess followed osteomyelitis of the 
frontal bone in the legion of the anteiioi tempoial diploic vein The original 
focus of scalp infection was piobably initiated by pyemia following an ahoi- 
tion, and extending ovei a peiiod of 15 )'eais 

Case 4 W, male, age 12, was admitted to the klontefiore Hospital, May i, 1936, 
with a history^ of acne and reciuient boils on the neck since January, 1936 A deep 
abscess had developed in the left side of the scalp, in the pieauricular region, and had 
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been incised by the family physician In March, 1936, the patient experienced repeated 
twitchings in the right arm 

Ncmologic E\aimmtion — This disclosed slight motor weakness, increased reflexes 
and a Babinski sign on the right side There were no sensoiy changes The disk mar- 
gins were slightly blurred The visual fields and acuity were noimal 

Coiuse — A low-grade tempeiature, occipital headaches, and numerous right-sided 
Jacksonian seizures persisted The papilledema inci eased An encephalogram, performed 

Fig 6 A 



Fig 6 B 

Fig 6 A — Case 3 Proliferation of the \essels in 
the region of the abscess (\an Gieson stain) 

Fig 6 B — Case 3 Periiascular infiltration as veil 
as Infiltration of all the coats of the vessels 


April 2, 1936, revealed distention and displacement downward of the left lateral ventricle 
Exploration for brain abscess over the region suspected was negative Following this, 
the patient became disoriented and developed sensory and motor aphasia and a right 
hemihypesthesia On May 6, 1936, meningeal signs were observed On reexploration a 
cerebral abscess was evacuated at the site of the original operation The patient died 
the following day 

Laboratojy Data — Spinal fluid taken at the onset of patient’s illness (March, 1936) 
was clear, but under pressure of 230 Mm of water It contained no cells, 56 per cent 
polymorphonuclear leukocytes, 44 per cent mononuclear cells The total protein was 102 
mg per cent, sugar 44 mg per cent, and chlorides 522 mg per cent A spinal tap 
taken prior to his final operation was under 310 Mm of water pressure, appeared 
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turbid and contained 2,000 cells Culture from the fluid contained the Staphylococcus 
am etis and a gram-positive bacillus 

Autopsy —Thtvc. was a left temporoparietal decompi ession with a cerebral hernia 
and adhesions around it An extensive subarachnoid hemorrhage mixed with greenish, 
purulent exudate filled the basal, pontine, interpeduncular and mterchiasmatic cisternae 
On incising the splenium of the corpus callosum, purulent fluid escaped from the third 
ventricle The greatest pait of the white matter of the left hemisphere was destroyed 
and filled by mucopurulent material (Fig 7) 

Micioscopic Evammabon — Coronal sections through the striatum disclosed an area 
of excavation involving the greatest pait of the centrum ovale and part of the white 
and gray matter The left gyrus cingulus and the first fiontal convolution contained 



Fig 7 — Case 4 Notice the two abscesses and the various zones in the 
left frontal and cingulus gyn, the marked area of destruction m the white 
matter and the ventricular infiltration by inflammatory cells 


two separate abscesses (Fig 7) The cavity of the abscesses was surrounded by a dense 
zone of inflammatory cells, polymorphonuclear leukocytes, lymphocytes, plasma and 
endothelial cells, and necrotic material (Fig 7) Next to this was a zone less dense con- 
sisting of necrotic material and some inflammatory cells (Fig 7) Adjacent to this, 
there was another dense zone consisting of proliferating vessels, compound granular cor- 
puscles, inflammatory cells, fibroblasts, perivascular infiltrations, and microglia cells 
(Fig 7) Beyond this zone, there w^ere miliary abscesses, dense areas of inflammatory 
cells, and occasional proliferating vessels The adjacent cortical convolutions showed a 
marked distortion in the arrangement of the cyto-architectural layers and perivascular 
infiltrations The nerve and glia cells showed all types of pathologic changes In some 
areas there were also numerous gcmastcte gha cells The meninges were thickened and 
invaded by the same type of cells as seen in the region of the abscess 

Comment — This case again illustiates the extension of a pathologic 
piocess fioin an infection of the scalp into the bones of the skull and the 
biain, leading to abscess foiination 

Case 5 J K, male, age ii, was admitted to the Montefioie Hospital, Pittsburgh, 
Pa , July 4, 1933 While swimming, he had aspirated water into his nostrils Three days 
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later he was stiicken with malaise, fevei, and vomiting, and complained of sharp pain 
over the right upper eielid, which was swollen and tender 

Roentgenologic examination, July 5, 1933 revealed marked cloudiness of the right 
antrum, frontal, ethmoidal, and sphenoidal sinuses The right antrum was punctured 
and drained of pus which yielded Staphylococcus auicus 

On the fourth day after admission the entire forehead appeared swollen and red, and 
both eyelids were pasted shut The swelling giadually receded, but left, in its wake, two 
localized fluctuating masses (pericranial abscesses) Incision and drainage of these areas 
was followed by a chill , nevertheless, clinical improvement ensued, and the temperature 
dropped to normal levels During tlie following week, several more dough}, fluctuating 
areas, about the size of walnuts, appeared on the scalp in the temporal regions Roent- 
genologic examination failed to reveal the presence of bone destruction at this time 

During the third week the patient vomited and complained of dull, diffuse, headache 
and papilledema was obseived Later, periods of stupor, twitching of the right side of 
the face, and clonic contractions of the right arm and leg appeared The left pupil was 
larger than the right, both reacted sluggishly to light Hyperreflexia, marked ankle 
clonus, and sensory impairment were present on the right side for several days Aphasia 
was also present 

Laboiato)y Data — RBC normal WBC 16,300, with 82 per cent polymorpho- 
nuclear leukocytes Blood cultuies were sterile The spinal puncture yielded a clear 
fluid, containing 13 cells per cu Mm , of which three were polymorphonuclear neutrophils, 
and ten lymphocytes Randy’s test was positive for globulin 

Cowse — During the fifth week of the illness there was a sharp rise in temperature 
to 104° F, with chills, followed by the localization of another pericranial abscess A 
probe passed into a discharging area encountered roughened bone which imparted a feeling 
like that of rotted wood Roentgenograms at this time revealed a diffuse destructive 
process involving both tables and diploe of the frontal and parietal bones (Fig 8) Ocular 
examination revealed reduction of central vision to 6/12, marked papilledema, enlarged 
blind spots, and contraction of fields in all meridians 

Despite the extensive suppurative bonv involvement and the changes indicative of 
increased intracranial pressure, the patient continued to improve clinically and was 
walking about comfortably in the seventh week of his illness He underwent an extensive 
sequestrectomy at the Mavo Clinic in October, 1933, and died on that day 

Autopsy — Dr A W Adson reported the finding of a diffuse osteomyelitis of the 
frontal and parietal bones of the skull, and the presence of a beginning abscess in the left 
temporal lobe of the brain 

Comment — This case illustrates the typical niaich of events when para- 
nasal infection, contracted after swimniing, progiessed to cranial osteo- 
myelitis and brain abscess The diagnosis of bony infection was obvious 111 
the second week of his illness fiom the occuiience of Pott’s puffy tumors of 
the forehead At this time the disease was quiescent and the tenipei ature 
1101 mal In the light of the present knowledge, it is felt that early and ladical 
surgical theiapy of osteomyelitis might have prevented the fatal intracranial 
complication 

Case 6 — H J , male, age 13, was admitted to the service of Dr S J Kopetzky at 
Beth Israel Hospital, November 24, 1934 A week prior to admission, he had taken ill 
with a cold, nasal discharge, and temperature of 102° F Two days before admission, he 
developed pain above the right eye 

Examination revealed the presence of a thick, purulent discharge m the right nostril 
and edema about the right eye On November 26, 1934, the right antrum was punctured 
Several days later, the patient developed a chill and severe headache 
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Newolocjit Examination— Om week after admission nuchal rigidity and positive 
Kernig signs were present The knee jerks were diminished, but the ankle jerks were 
active, with a tendency to clonus bilaterally The abdominal reflexes were present bilat- 
erally There was no Babmski sign 

Laboiafoi y Data — Roentgenologic examination of the sinuses upon admission revealed 
evidence of right maxillary sinusitis R B C and urine showed no abnormality W B C 
15,000, with 74 per cent polymorphonuclears Two blood cultures taken during the course 
of the illness showed no growth The spinal flu’d, December 5, 1934, appeared cloudy, 
was under piessure of 125 Mm , and contained 2,600 cells per cu Mm , predominantly poly- 
morphonuclears 

Autopsy — A thick, turbid exudate was piesent under the loof and along the inner 
wall of the right orbit Microscopic examination revealed the thickening in the orbital 



Fig 8 — Case S Roentgenogram of skull showing destruction of bone as re 
suit of osteomyelitis of the frontoparietal region 

roof to consist of old and young osteophytes The section also showed an area of bone 
necrosis 

Biaiii The dura mater was adherent to the parietal bones The leptomeninges were 
tense The base of the brain, notably m the region of the chiasm, and the cavernous 
sinus were occupied by a turbid, brownish-green exudate The left frontal lobe was 
softened and contained a deep-seated, well-encapsulated abscess 4x2 5x3 cm 

Case 7 — S K, female, age 14, was admitted to the Beth Israel Hospital, February 
^7) 193s At the age of three she had undergone a bilateral mastoidectomy and had 
remained well since Ten days before admission, a reddened, swollen area had appeared 
about the old mastoid scar which had been incised by the family phjsician Two days 
later, she developed repeated chills, septic elevations of temperature, and recurring 
vomiting 

The patient appealed drowsy, complained of diplopia and of burning in the left eye 
A positive Kernig sign was present bilaterally Some weakness was apparent m the left 
internal rectus muscle W B C 24,000, with 88 per cent polymorphonuclears Roent- 
genologic examination of the skull revealed an area of decalcification in the wall of the 
left lateral sinus 

The left mastoid region was reexplored, Febiuary 28, 1935, and the left lateral 
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sinus was found exposed because of erosion of the surrounding bone Postoperatively, 
the temperature diopped for a few days but the patient became drowsier and complained 
of pain across the bridge of the nose, radiating down the left cheek The left pupil was 
larger than the right , there was drooping of the left upper eyelid, weakness of the left 
external rectus muscle, and lateral nystagmus The left corneal reflex was absent 
Reoperation, March 8, 193S, disclosed a thrombosis of the lateral sinus The internal 
jugular vein was then ligated 

Couise — On April i, 1935, a transitory sensory aphasia suddenly developed and lasted 
two days A few days later a series of right jacksonian seizures occurred, lasted four 
hours, and were accompanied by clouding of consciousness, right hemiplegia, and signs of 
early papilledema This episode cleared up within a few days but euphoria and facetious- 
ness appeared On April 12, 1935, papilledema and hemorrhages of both fundi, and 
gradual shrinking of the peripheral fields of vision were observed Right facial weakness 
of the pseudoperipheral type, anomia, and alexia were present 



Fig 9 — Case 7 CaMt-itions and Ur nn abscesses in the frontal, motor and parietal regions 

(ciesjl \iolet stain) 

On May 5, 1935, the patient became very drowsy, vomited repeatedly and lapsed into 
coma The pulse rate fell to 55 per minute Surgical reexploration disclosed a large 
abscess lying very deep m the left temporo-parietal region The patient died three 
weeks later 

Laboiatory Data — Blood cultures taken on March 2 and ii, 193S, showed no bac- 
terial growth Spinal fluid, March 7, 1935, was clear, under a pressure of 90 Mm of 
water , showed a trace of albumin, and 30 cells per cu Mm , of which 22 were poly- 
morphonuclears No organisms were found on smear or culture 

Autopsy — Examination of the cranial contents revealed the presence of osteomyelitis 
of the left temporal and petrous bones The dura mater anterior to the crista galh 
contained many small grayish-white and yellowish blebs A similar bleb was situated m 
the dura mater over the left petrous bone, but showed no perforations The posterior 
half of the left lateral sinus contained thrombotic material The sphenoid sinus was 
filled with mucopurulent material 

Siam A large abscess was present in the left temporoparietal region and in part of 
the basal ganglia The ependyma of the fourth ventricle was markedly thickened and 
contained mucopurulent collections 

Mxaoscopxc EvavimaUon — In a horizontal section through the left hemisphere 
there were four large cavities (Fig 9), situated m the frontal, motor, and parietal con- 
volutions, involving both grav and white matter In the cresvl violet preparation, the 
cavities were lined by an inner pale area surrounded by a more deeply stained zone (Fig 
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9) The inner pale layer was made up of red blood cells, polj morphonuclear leuko- 
cytes, lymphocytes, plasma and endothelial cells The deeper area consisted of numerous 
vessels surrounded by inflammatory cells and compound granular corpuscles The coats 
of some of the vessels were completely infiltrated by the same type of cells The 
meninges throughout the central nervous system were thickened and infiltrated with 
inflammatory cells 

Comment —Th\s case illustrates the role of osteomyelitis of the temporal 
bone as a precuisoi of brain abscess The venous sinuses, exploied shoitly 
after the original bone infection, weie thrombotic and indicated the venous 
pathway of intraci amal invasion 



Tig 10 — Case 8 Brain abscess of the right orbital convolution and 
part of the ptitamen (cresjT violet stain) 


Case 8 — C S , male, age 23, was admitted to Beth Israel Hospital, February 27, 
1939, with the history of an upper respiratory infection, sore throat, and pain over the 
right eye and nose since February 10, 1939 Examination disclosed obstruction of the 
right nasal passage, swollen turbinates, and a mucopurulent discharge from the right 
side of the nose 

Com sc — Shortly after admission, the temperature became elevated and nuchal 
rigidity developed The left pupil reacted sluggishly to light, the left palpebral fissure 
was widened, and there was slight weakness of the left facial musculature Blurring of 
the left disk and bilateral Babinski signs appeared The patient became drowsy and 
suffered from projectile vomiting The spinal fluid contained 200 cells per cu Mm , 
58 per cent polymorphonuclear leukocytes, total protein 675 mg , glucose 41 mg per 
cent Ventriculography, performed March 23, 1939, disclosed evidence of a deep fronto- 
temporal lesion close to the midline The patient was operated upon, and greenish- 
yellow pus was removed Subsequently right hemiplegia developed The patient became 
stuporous and expired April 6, 1939 

Autopsy — There was an abscess involving the white and gray matter of the second 
and third frontal convolutions Another abscess w'as found m the right orbital convolu- 
tions (Fig 10) The right ventricle W'as shghtlv constricted The greatest part of the 
right pallidum and part of the white matter were replaced by an abscess which appeared 
encapsulated 

jl/ici ojco/nc Examination — Complete coronal sections through the striatum dis- 
closed an abscess mvoKing the putamen and the greatest portion of the white and part 
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orbital notch and the antenor temporal vein close by The diploic vessels 
communicate externally with the venous plexuses of the face and scalp, and 
internally ivith the meningeal veins and the adjacent sinus in the dura The 
veins in the diploe of the frontal bone are continuous with the veins in the 
mucous membranes of the frontal sinus, affoiding ready passage of infection 
fiom the paranasal structuies to the skull bones The diploic vessels, especially 
dining youth, aie of such caliber as to be easily visualized by roentgenologic 
examination in 97 per cent of cases (Moshei‘‘) Then impoitance lies in the 
fact that most of the circulation of the calvaria depends upon the veins and 
their innumeiable small ladicals m the diploe, lather than upon the arterial 
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Pig 13 — Diigram of the direct and indirect path 
wavs leading from local infections about the head to 
intracranial complications 


supply Any condition seriously affecting the venous ciiculation (throm- 
bosis), therefore, jeopaidizes the integrity of the bone This fact is especially 
well illustrated in Cases 5 and 7 of our series 

The dura mater, which is virtually the inner periosteum of the skull, 
serves as an excellent bairier to the inwaid extension of infection Usually, 
it is not until the innei table of the skull is involved by a carious process, that 
the danger of intracranial infection is imminent In such circumstances the 
dura IS always affected and becomes thickened and gianular throughout the 
entire extent of the lesion in the bones Fuither protective adhesions are 
formed in the aiachnoid Othei explanations of intiacianial resistance on the 
basis of the hemato-encephalic barriei (King-^), and of immunizing substances 
in the blood,-'* have recently been suggested 

When septic migration takes place fiom an exti acranial source it may 
take any of several paths (Fig 13), only one of which will be stressed m 
this study Retrograde thiombosis into the emissaiy veins readily spreads in 
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the wide-open netwoik of venous vessels and facilitates the rapid extension 
of the piocess in all diiections Bone necrosis ensues, generally, first in the 
outer table, as a result of which there is a discharge of pus under several areas 
of the scalp (Pott’s puffy tumors) The clinical appeal ance of these fluctuant 
tumors IS illustrated in Case 5 As the innei table is destroyed, similar collec- 
tions of pus occur between bone and dura (extraduial abscesses) The lattei 
piocess also impairs arterial circulation to the calvarium, and furthei destiuc- 
tion of bone follows, until the typical woim-ealen appearance of the bone 
results The ultimate extent of spiead is limited by fibiosis of the mairow 
space Mosher'^ points out that were it not for such zones of fibiosis about 
the sinuses, osteomyelitis of the skull would more often follow paranasal sinus 
infection 

The exact sequence between cranial invasion and intracerebral extension 
is still a matter of some contioversy It is not yet clear how the infection 
tiaveises the meninges and the dural sinuses without gross invasion or destruc- 
tion of these intervening tissues Some observers^’ consider it prob- 

able that retiograde infection continues along the venous channels and extends 
directly into the soft cerebral substance, which is more vulnerable than the 
tough, highly vascular meninges In all of our cases, however, some degree 
of meningeal involvement was found Osteomyelitis is not invariably followed 
by cerebial abscess because intracranial invasion is often limited by a zone 
of reaction within the brain substance (Case i) Such areas of localized 
encephalitis constitute, virtually, abortive abscesses, as pointed out by Putnam 
and Alexander,®^ Atkinson,^® and others When an abscess does develop, it is 
usually situated in the subcortex, especially in the white matter of the brain, 
where the veins originate and where cerebral circulation is poorest The deep 
location IS often a mattei of seiious surgical concern 

Other pathways of infection have been demonstiated One is from the 
nasal cavities along the sheaths of the olfactory nerves Another, along the 
perivascular spaces of the brain, has been suggested by Atkinson, Fursten- 
burg,^' and others, though a true perivascular “stalk” was not found by other 
observers, notably Caimichael, et al~’^ in a study of 75 cases Suppuration 
may extend into the cranial cavity by contiguity 01 by direct implantation, 
particularly in the case of penetrating wounds 

The intermediate role of osteomyelitis may hold the explanation for the 
occurrence of a ceitain number of biain abscesses of obscuie origin Seven- 
teen cases of doubtful 01 unknown etiology have been recently cited, and 
foui more desciibed by Yaskin, Grant, and Giofif®*^ The recent studies of 
Kramer and Som^® on the pathways of infection from the paranasal sinuses 
have levealed the presence of hidden 01 microscopic foci of osteomyelitis in 
the walls of the infected sinuses 111 ten cases which were complicated by intra- 
cianial infection Minute foci of osteomyelitis in the petrous pyiamid have 
been demonstiated by Fouler,^-* and otheis Search for very small areas of 
suppuration m the skull, by special methods of exposure if necessary, as in 
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one of the cases here desciibed (Case i) may be helpful in revealing the 
oiigin of ciyptogemc brain abscesses 

Pathologic Considei ations — The evolution of a brain abscess may be 
divided into thiee phases (i) Phase of localized encephalitis, (2) phase 
of liquefaction, encapsulation, and (3) extension and lupture Inflammatory 
changes begin about the thrombosed vessel in the centrum ovale and progress 
to necrosis of the tissues and suppuration Spontaneous lesolution and healing 
with scar formation has been suggested but never proven The usual 
progiession is toward walhng-off of the infection by a barrier of reactive 
elements, with the production of a fibious capsule Encapsulation begins 
within a week of infection and geneially requires foui to six weelcs for comple- 
tion Surgical expel lence indicates that the walls of such abscesses are rarely 
firm enough to give a feeling of resistance to the exploring needle before the 
second or thii d week As the pathologic pi ocess progresses, the abscess in- 
creases in size until ultimately it ruptures into one of the ventricles (as in 
Cases 4 and 7) or into the subarachnoid space, with resultant pyocephalus or 
leptomeningitis An unusual cause of death m the presence of cerebral abscess 
IS that from complicating subarachnoid hemorrhage 

Seveial factors affect the giowth and effective encapsulation of abscesses 
Carmichael and his co-workers^’’’ suggest that an abscess must attain a size of 
2 cm or more in order to become encapsulated As a rule, the older the 
abscess the bettei the degree of encapsulation In the most virulent infec- 
tions, death usually occurs befoie encapsulation can begin Abscesses caused 
by less virulent organisms, particularly aerobes,®^ last a longer time, and 
attain considerable size, especially if they aie located m one of the silent 
areas of the brain Cahill^’’ has observed that those of the tempoi al lobe have 
the thickest lining membianes, while acute cerebellar abscesses are rarely 
walled off The largest abscesses in Evans’^ senes were those in the frontal 
lobe (average 3 5 to 4 5 cm ) The effect of medication, particularly sulfa- 
nilamide and sulfathiazole, on the acceleration or 1 etardation of capsule forma- 
tion, although frequently debated, has not yet been demonstiated pathologically 
or experimentally 

The nine cases of brain abscess presented in this series originated from 
relatively common infections about the head One (Case i) oiigmated from 
a paraphaiyngeal abscess, another from a peritonsillar abscess (Case 2) 
Furunculosis of the face and scalp was piimaiily lesponsible for the hi am 
abscesses found in Cases 4 and 7, and secondaiily so in Case 3 Foui cases 
were of rhmogenic origin (Cases 5, 6, 9 and 10), complicating in several 
instances what appeared to be a clinically mild upper respiratory infection 
In one of our patients, diffuse osteomyelitis of the skull and brain abscess 
followed a fulminating sinus infection which developed after the aspiration 
of water into the nose while swimming (Case 5) Gross or microscopic foci 
of cranial osteomyelitis were found in those cases where special search for such 
lesions was made (Cases i, 3, 5, 6 and 7), while the pathologic process (em- 
pyema of a paranasal sinus) strongly suggested the piesence of bony involve- 
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meiit in the other cases Micioscopic foci of bone destiuction have been 
demoiistiated by otheis in connection with sinus suppuiatioii It 
appeals fiom oiii inateiial that cianial osteomyelitis is fiequently the inter- 
mediate step between a local infection about the head and a complicating 
abscess of the biain 

Chwcal C 01 ) clahons —Knowledge of the vaiious stages m the pathogenesis 
of brain abscess may be of great aid m the mteipietation of clinical symptoms 
As the pathologic processes of the cranial and mtracianial extension unfold, 
certain heralding symptoms appeal, and it is from these that the earliest 
diagnosis of complications might be made Repeated chills m the presence 
of an infection about the head, paiticulaily one m the legioii of the frontal 
emissary veins, point to possible extension of thiombophlebitis into the skull 
with the initiation of osteomyelitis Bone canes aie not produced until seven 
or ten days aftei invasion, hence, frank roentgenographic changes are not 
evident within the hist two weeks of the illness The occuiience of pitting 
edema of the foiehead oi of localized swellings m the scalp (Pott’s puflPy 
tumois) are early and caidinal signs of osteomyelitis m the flat bones of the 
skull The spinal fluid dining this phase, except foi occasional iiiciease in 
pressuie, shows no abnormality 

The phase of osteomyelitis is charactei ized by a toxic, febiile couise, 
leukocytosis and fiequently chills Theie is often a latent peiiod of appaient 
clinical impiovement Then, aftei days oi weeks, septic tempeiatuie, head- 
ache, and vomiting occur, then nuchal rigidity, focal neuiologic signs, in- 
ci eased spinal fluid piessuie and pleocytosis indicate the piesence of biam 
abscess The spinal fluid findings associated with the piesence of encapsulated 
biain abscess in the second to fourth week of the illnesses lepiesented in this 
senes weie Slight inciease m the spinal fluid piessuie (85 to 230 Mm of 
walei) , cell counts of eight to 200 cells pei cu Mm , with an aveiage of less 
than 50 per cent polymoiphonucleai leukocytes, one plus to two plus albumin, 
and piotem values of 41 to 102 mg pei cent 


According to McKenzie,-^ Fincher,^® Adson and Hempstead,^® Kmg,^° and 
Bucy and Haveifield,^ and otheis, osteomyelitis of the skull inadequately 
treated commonly lesults in fatal biain abscesses Eaily diagnosis of osteo- 
myelitis, befoie the evidence of loentgenogiaphic changes, and complete le- 
moval of all infected bone mth inteirnption of the venous channels m the 
bone which cany the infection inwaid is the only rational tieatment Dis- 
ceining suigical management, based upon fullei undei standing of the patho- 
genesis of biain abscess has diastically 1 educed the moitality fiom this com- 
plication 


CONCLUSIONS 

Brain abscess may follow simple infections, othei than otitic, about the 
head Cluneal and autopsy studies of nine cases of brain abscess of uncommon 
oiigin aie piesented Two cases oiiginated fiom infections m the phaiynx, 
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thiee were secondary to fuiunculosis of the face and scalp, and four were 
complications of paianasal sinus infection 

Osteomyelitis of the skull is fiequently the intermediate stage between pri- 
mal y infection and brain abscess Several illustrative cases aie presented 
The pathology of spiead is described and correlated with peitinent diag- 
nostic and theiapeutic consideiations 

Painstaking seaich foi small aieas of suppuration in the cranial bones may 
leveal the explanation foi many cases of “cryptogenic” mtiacianial infections 
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Gastric pol\posis, by mIiicIi teim single adenomatous polypi aie piop- 
erly excluded, is an uncommon condition Only about lOO authenticated cases 
have been lepoited in lecent compiehensive leviews of the liteiature Balfoui^ 
states that m 69,000 celiotomies peifoimed at the Mayo Clinic, of which 8,000 
weie piimaiily gastiic opeiations, only one case of gastiic polyposis was en- 
counteied Biunn and Peail,- m a survey of the hteiature fiom 1820 to 1925, 
lepoit 84 cases, five of which they obseived peisonally The fiist 49 cases 
weie found onl}'- at autopsy They state that Tiglei found 14 benign gastric 
tumois in 3,000 autopsies They also quote figuies fiom Doeiing and from 
Veise Doeimg, m 50 cases involving the entiie gastio-intestmal tiact, noted 
that the stomach was involved in only five, while Verse repoited 55 cases with 
the stomach involved m only five, but in none of these was the stomach alone 
aflfected 

Cruveilhiei,'* in 1833, was the fiist to give the distinction of a disease entity 
to gastiic polyposis The fiist case diagnosed at operation was that of 
Wegele,^ in 1909 Chosiojeff^ made one of the earliest clinical diagnoses, in 
1912, when gastric lavage levealed blood and pai tides of polypi The first 
1 oentgenologic diagnosis, accoiding to Balfour,^ was made by Carmen in 1919 
A gastioscopic diagnosis of multiple single polypi was fiist made by Schindlei,'’ 
m 1922 We believe this to be the fiist proven diagnosis of “polyadenomes cu 
nappe” made with the flexible gastroscope 

Etiology — Many opinions have been expressed concerning the causative 
factoi of gastiic polyposis and ceitainly the exact etiology is still unsettled 
Some observeis favoi a congenital oiigm and believe the polypi to arise from 
fetal anlagen It is tiue that m multiple polyposis involving the laige bowel 
theie IS a definite heieditaiy factoi, but this has not been demonstrated m gas- 
tiic polyposis Most authois favoi chionic nutation as the inciting cause, 
and Menetiiei’’’ suggests the influence of alcohol Meyer® leports a case in 
which syphilitic gasti itis may have been the undei lying cause 

Pathology — The classic woik on the pathology of adenomatous gastric 
polypi was published in 1888 by Menetiier,^ who described tiio varieties (i) 
''Polyadenomes polypcifx” , and (2) “polyadenomes en nappe” 

'‘^Polyadenomes poly pen i” aie classified as the disci ete polypi with inde- 
pendent attachments, either pedunculated or sessile They are soft, gray, ashy, 
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brown oi led in coloi, and while their size is variable, it larely exceeds 2 cm 
In nunihei they lange fiom one to nioie than 300, and, although most common 
in the region of the pyloius, they may be found in any pait of the stomach 
Micioscopically, they are composed largely of glandular tissue, and the glands 
ate lengthened, often toituous, occasionally compound, and devoid of pepsin 



Fig I — Photomicrograph illustrating the general pattern is described bj 

Meneti ler 



Fic 2 Fig 3 

Firs 2 Hid 3 — Roeiitgenognnis showing poljpoid tjpe of the gistric lesion 


cells Cyst foimation is common when the excietoiy ducts aic obstiucted by 
connective tissue 

In describing Meneti ler’s second gioup, " polyadenomcs cn nappe,” rve can 
best quote his original papei “In contiast to some of the smallei peduncu- 
lated and sessile tumois aiising fiom simple glandulai hypeiplasia there is 
anothei lesion, essentially a mucosal hjpeitiophy, in cvhich the glands assume 
consideiable piopoitions but with the moie diiluse and geneial alteiation in- 
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volving large areas of tissue, foimuig large hypertrophied plaques rising 
plume-hke above the rest of the mucosa, or even involving neaily the entire 
stomach, the internal aspect of which then appears tufted and wavy with large 
folds giving a marked resemblance to cei ebral convolutions ” He attributes 
this descriptive phrase to Briquet 

Menetnei continues “These are glandular hyperti opines with overgrowth 
of the epithelial covering, with corresponding increase in the basement mem- 
brane and of the mtei glandular connective tissue The epithelium is modified 
into various forms but it is always laid down in regular manner , the glandular 



Fig 4 — Photograph of the gross specimen 

tubes often maintain their upiight position, may reduplicate themselves and 
describe sinuosities, there may be found areas with cystic cavities, but essen- 
tially, and it IS a cardinal principle, the glandular form persists, the membrana 
propria is preserved, none of the epithelial cells pass beyond it, and finally, and 
above all, something which must be considered glandular hyperplasia, never 
do the proliferated cul-de-sacs pass the basement membrane which is their 
normal habitat, the musculaiis mucosa always forms a limiting membrane 
for them, easily identified and never broken at a single point 

“It IS the glandulai hypertrophy, and it alone, which determines the thick- 
ness of the mucosa The glands increase m height keeping almost entirely in 
a straight line, and reach unusual proportions, being five or six times their 
normal length, while their diameter increases much less and sometimes even 
diminishes This long glandular tube is permeable, its orifice is preserved 
and it is lined with low cuboidal epithelium The ^stroma of the mucosa is 
generally a little thickened and is stretched out like the glands Rising from 
the depths are more thickened fibrous bands, each forming an axis around 
which the tallest glands are grouped in protiuding tufts, distinct one from 
the other and separated by ridges, at the bottom of which are seen the shallow- 
est glands and where the mucus they secrete accumulates 
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“Such IS the geneial pattern This regular hypei trophy follows the 
whole extent of the mucosa, thereby becoming too laige for the cavity it lines 
and must, to accommodate itself, fold itself into waves and piotruding con- 
volutions which carry m then center pi olongations of the cellular tissue It 
is, therefore, a pathologic and peimanent exaggeiation of the noimal gastiic 
mucosa 

“It IS a simple hypei ti oph}'', a benign noninfectious lesion Although the 
lesion IS benign, it does have affinities with more malignant states and these 
lesions may be tiansfoimed into epitheliomas and cancers ” 

Kirklm and Brodeis*^ aptly state that although polypi geneially aie benign 
lesions, they maintain their benign state somewhat pi ecariously Chiistophei 
reports an interesting case of this second gioup which had undeigone malig- 
nant changes 

Symptoms and Signs — All 
wiiteis on the subject are gen- 
eially agreed that the symptoms 
and signs are obscure Fre- 
quently, the only complaint is of 
mild abdominal discomfort, usu- 
ally developing after meals and 
in some cases relieved by the in- 
gestion of food or soda Hema- 
teinesis and melena may be noted 
Two chaiacteristic findings, ac- 
coiding to Meyer,® aie achloihy- 
dria and an inciease in gastiic 
mucus which appears much like 
finely divided, slightly coddled 
white of egg It has been claimed 
that these changes are produced 
by the associated inflammatory 
reaction rather than by the polypi 
themselves Frequently, a second- 
ary anemia is present and may be 
confused with pernicious anemia 
because of the associated achlor- 
hydiia In the collected senes 
of Biunn and Peail, pieviously 
noted, abdominal distiess was piesent m 28 pei cent, vomiting, anorexia, con- 
stipation, diarrhea and Aveakness each in about 17 per cent, and hemateinesis 
in 8 pei cent 

Diagnosis — The presence of achlorh5’'dna, myxorrhea and gastric hemor- 
rhage demand a consideiation of the lesion Essentially, however, the diag- 
nosis must be moi e conclusively made by the use of the tw o moi phologic aids 
at our disposal 1 oentgenography and gastioscopy In recent years, inci eased 
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roentgenologic diagnosis is evident by the lelative fiequency with which 
articles hy i oentgenologists have appealed in the liteiatuie® 11.12,13,14 15 
This IS undoubtedly accounted foi by impioved loentgenologic technic and 
more detailed fluoroscopy Neveitheless, lu laige dimes it is impossible to 
study minutely eveiy case lefeiied foi loutine loentgenologic examination of 
the gasti o-mtestmal tiact, and some lesions will escape diagnosis It is beyond 
the scope of this papei to desciibe the roentgenologic signs of gasti ic polyposis, 
but we would emphasize the fact that the differentiation of tumors fiom hyper- 
trophied folds of mucous membiane may piesent a difficult pioblem In cases 
of chionic hypeitiophic gasti itis, laige lugal folds m cioss-section may exactly 
simulate small polypi In one of oui cases of diffuse gasti ic polyposis, ot 
"polyadenomes polypeux” loentgenologic diagnosis was not made conectly 
until aftei the tumois had been seen thiough the gasti oscope 

There can be no doubt that loutnie examination by gasti oscopy of all 
patients piesenting gasti ic symptoms will make possible eailiei diagnoses not 
only of benign but also of malignant lesions This pioceduie, in experienced 
hands, is safe and can be canted out with minimal discomfoit to the patient 

Diffc) cntiaJ Diagnosis — Seveial conditions must be consideied m diffei- 
ential diagnosis, among which may be mentioned caicinoma, paiticulaily the 
polypoid type, lymphosai coma, hypeitiophic gasti itis, gasti ic syphilis, bezoais, 
and any othei lesions which may cause achylia gasti ica 

Piogno^is — As Menctiiei stated, while gasti ic polyposis is essentially a 
benign lesion it does have affinities with moie malignant states Biunn and 
Pearl ^ in their fiist pajiei reporting 84 cases, found an incidence of malignancy 
of 12 per cent In a latei papei, these authois^'* concluded that more than 12 
per cent weie malignant 

Tieafmcuf — Theie is genet al agieeinent that suigeiy offeis most m the 
way of treatment, and paitial gasti ic resection should be performed wherevei 
possible This is paiticulaily tiue when the incidence of malignancy is con- 
sidered as something over 12 pel cent, m contrast to an opeiative mortality 
which should not exceed 7 pei cent in cjualified hands Biunn and PeaiB® 
state that symptoms have been present in ceitain cases foi from 15 to 30 
years without any evidence of malignant degeneiation However, a sudden 
increase in seventy of s3miptoms should wain one of the possible onset of 
this complication 

Case Report Hosp No A-03996 The patient, white, female, age 35, single, was 
first admitted to St Luke’s Hospital, November n, 1938, with a chief complaint of 
epigastric pain one hour after meals coming in recurrent episodes during the past nine 
years Nine, six, and five years ago she suffered attacks of pain which did not radiate 
but were associated with nausea and vomiting Alkalies gave no relief There was no 
hematemesis nor melena Numerous gastro-intestinal series at various hospitals all 
showed the presence of a duodenal ulcer On dietary regimens, which she did not con- 
scientiously follow, temporary relief was obtained She had always been subject to 
nervous attacks, and for the past two months had been nervous all the time, had little 
appetite, and had lost five pounds, present weight gS pounds Three weeks ago she had 
her last attack of burning epigastric pain occurring an hour after meals and associated 
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with nausea and Nonutmg foi two da%s She was placed on a bland diet and given bismuth 
and soda powdets, w'lth pionipt relief 

The onlv other significant facts in the hisloij weie that she smoked 20 cigarettes 
daily, and used alcohol “occasionally” Physical examination contiibuted little other 
than that she was a thin, faiiij w'ell-de\ eloped and well-nounshed individual, W'lth slight 
epigastric tenderness but no palpable mass 

Lahoi ato! v Dola —Hemoglobin 80 per cent, R B C foui million , ui analj sis nega- 
tne, and serologv negative A gasliic analysis ajipaicntlj w'as omitted 

Gastro-intestinal senes, made in the clinic on Ottobci 17, 1929 and Sciitcnibei 23, 
1937) reicaled the presence ol a duodenal ulcer A senes made October 28, 1938 was 
reported as follows “Stomach is laige m si7c and noimal in position In the pars media 
a polypoid tvpe of grow-th is seen extending into the lumen of the stomach, bejond the 
pjlorus a legular cap filled At the sixth hour tlie stomach had completely emptied 
The appearance presented is tiiat of new grow th '' 

Gastroscopic examination was pei formed Noicinbei 12, 1938, and our icport follow's 
“The 55° gastroscopc was rcadih passed, and a normal angulus and antrum seen The 
pylorus was not Msuahzcd The rugae of the cntiic postciior wall extending distally to 
the angulus weic fingci-like in size, \chct\, finch nodulai and congested in appearance, 
actually resembling cercbtal coinolutions ” Never baling seen a similar pattern, we were 
unable to state whether it leprcscntcd a benign polypoid t^pc of by pei trophic gastiitis or 
a true carcinoma, but we lelt liial it should be classified as a prccanccrous lesion 

Opctainc Pallioloqy — “llic stomach was In pcrtrophicd An induiated, whitish spot 
on the anterior suifacc of the duodenum proved to be a chronic ulcei When the stomach 
was opened, the mucous membrane of the postciior wall was seen to be hypcrtiophicd and 
lay m succulent folds No CMdencc of carcinoma nor of mctastascs was seen” After 
partial gastric resection, a retrocolic Polya-type of gastiojcj unostomy was performed 
Pathologic Repot I — Maci oscopic Examwatioti Doctor Knox “Specimen consists of 
a stomach measuring 135 on the lesser and 18 cm on the greater cur\ ature A small 
portion of duodenum adjacent to the pydorus is included T he sciosal surface is clear and 
pale pink In the upper iiortion is an incision into the mucosa measuring 5 5 cm which 
has been sutured A small amount of mesentery is attached No lyiuiih nodes aie found 
The mucosal surface of the proximal portion show's hypcitiojiln of the rugae, gning an 
appearance similar to the exterior of the cciebrum Ihe mucosa is intact except at the 
site of the incision On section, the mucosa is hy pci trophicd and there is some thickening 
of the muscularis 

“Mtctoscopjc Sections show' a portion of tlie normal mucous membrane of the 
stomach and also the tall, branching and overhanging rugae, which simulate a papillary 
adenomatous grow'th This area shows an increase in all the cells of the mucous mem- 
brane, the epithelium forming long, usually straiglit, very' narrow' luinina in most areas 
Occasionally the local reduplication is so great as to result in tortuous cysts in the deeper 
portion of the mucosa This high degree of differentiation of the cell ty'pes of the mucosa 
distinguishes the lesion from a polyp The cells arc hypertrophied as w'cll as greatly' 
increased in number, but they are regulai in outline and normal in staining reactions, 
and the ty'pe of overgrowth does not suggest a true neoplasm Pathologic Diagnosis 
Papillary', adenomatous hy'pertrophy' of mucosa of py'loric poi tion of stomach ” 

The patient has made excellent progress, and when last seen, in December, 1939, one 
y'ear after operation, she stated that she felt fine , had no gastric symptoms , and had 
gained 14 pounds in weight 

SUMMARY AND CONCLUSIONS 

(1) A discussion of gastiic polyposis, and a detailed desciiption of Mene- 
tiier’s histologic classification are given 

(2) The symptoms and signs of the disease aie ohscuie, but vague 
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gastric discomfort, myxorrhea, achlorhydria and hematemesis may suggest 
the diagnosis 

(3) Roentgenologic and gastroscopic examinations are the chief aids in 
diagnosis 

(4) A case is repoited Mdnch we believe to be the first diagnosed by gas- 
troscopy, and proved by opeiation and pathologic examination, to be one of 
“polyadenomes en nappe ” 

(5) Although the incidence of malignancy is thought to be lelatively low, 
the tieatment of the disease should be surgical 
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ADENOMA OF THE PANCREAS 

CASE BEPORTS 

S S Qcjabrier, M D , 

AND 

C T Bingham, M D 
IKuTrouD, Conn 

Reported cases of tumois of the islet cells of the panel eas aie lathei laie 
Fiantz^ Mas able to collect only 96 cases up to Decembei, 1939 The fiist 
case of such a tumoi which was lecognizecl and successfully opeiatecl upon in 
the Hartfoid Hospital was quite chaiactenstic in evei} detail We have, 
therefoie. thought it w’orthy of pieseiitation A biief summaiy of thiee other 
cases from the recoids of the Hailfoid Hospital has been added because of 
unusual pathologic findings 

Case I— Hartford Hospital No 395416 B T R, age 48, American housewife, was 
admitted, August 15, 1940, with tlie chief complaint of recurrent attacks of unconscious- 
ness These attacks occurred usually in tlic morning and before breakfast, and lasted from 
one to four hours They \aried 111 sc\ent\ from a slight dcgiee of drowsiness and dis- 
orientation to semicoma and even to complete unconsciousness At times the patient 
was seen to have difficulty in swallowing or talking Her speech became guttural or 
unintelligible At other times she appeared w’hite, cold, and rigid Occasionally, she 
seemed flaccid 3 et unable to move, and sw’cated profusely Her physician found her blood 
pressure as high as 220/1 10 during one of these attacks The patient had been haMng 
these attacks with increasing frequenc} for fne months before admission She W'as other- 
wise a w^ell-adjusted, normal person wdio had had no serious illnesses m the past On 
ph3sical e\amination nothing abnormal was found except a patch of old chorioretinitis 
in the right 036, blood pressure 148/100, slight enlargement of the heart, and an increase 
in the deep reflexes 

Complete laboratory examinations of the blood, including blood count, sedimentation 
rate, and Hinton test, were negative The anahscs of spinal fluid and urine, including 
urine diastase, w'ere entirely normal Roentgenograms of the skull, electrocardiogram 
and electro-encephalogram show’ed no deriation from normal The only abnormal labora- 
tory finding was a fasting blood sugar of 30 mg per cent on one occasion and 32 mg 
per cent on another The glucose tolerance test show'cd a fasting level of 56 mg per cent, 
and the following levels on hourly samples 148, 182, 182, 136, 56, and 46 mg per cent 

It W(as found that the patient's attacks could be pi evented by the taking of nourishment 
and that the attacks themselves could be aborted Iw the intravenous administration 
of glucose 

Hyperinsuhmsm due to an adenoma of the islet cells of the pancreas seemed the most 
likely diagnosis in this case, particularb’’ as it fulfilled the tiiad of requirements as out- 
lined by Whipple,^ namely 

(1) Attacks consisting of 

(a) Vasomotor collapse 

(b) Restlessness, spasm, and convulsions 

(c) Confusion, disorientation, and coma 

(2) Blood sugar levels of 50 mg per cent, or less, during such attacks 

(3) Relief of symptoms by administration of glucose or taking of nourishment 
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Top Fig i — Case i Encapsulated islet cell adenoma 
Middle Fig 2 — Case 2 Aletastasis to liver of islet cell carcinoma 
Bottom Fig 3 — Case 3 Nonencapsulated islet cell adenoma 
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Top Fig 4 — Case 4 Islet tumor cells around vascular spaces 
Middle Fig s — Case 4 Islet adenoma with marked filirosis 
Bottom Fig 6 — Case 4 Islet adenoma with calcification 
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It IS generally conceded that surgical removal is the treatment of choice, as prolonged 
medical treatment has three disadvantages (i) Mental deterioration from recurrent 
hypoglycemic reactions, (2) personal injury from falls during the attacks, and (3) ma- 
lignant degeneration Medical treatment was, therefore, not tried, and the patient was 
operated upon September 21, 1940 

Operation — Preoperatively, an infusion of 1,500 cc of a solution of 5 per cent glucose 
and saline was administered Ether anesthesia was employed, as this mobilizes liver 
glycogen more effectively than other anesthetic agents A transverse incision above the 
umbilicus, through both recti muscles, as described by Whipple was used, and exposure 
of the pancreas was accomplished by opening the gastrocolic omentum On the anterior 
surface of the pancreas, near the inferior edge, and at the junction of the tail and the body 
was a I 5 cm , vascular, purphsh-red, firm tumor, which was immediately recognized as 
an adenoma of the pancreas Careful visualization and palpation of the pancreas revealed 
no further pathology By sharp and blunt dissection the tumor was excised, bleeding 
was controlled with fine silk ligatures, and the abdomen was closed in layers without 
drainage, using interrupted silk sutures 

Postopci atwc Com sc — The patient made an uneventful convalescence, and was dis- 
charged two weeks after operation The postoperative fasting blood sugars ranged be- 
tween 72 and 95 mg per cent Chart i shows, graphically, the pre- and postoperative 
fasting blood sugar readings Follow-up of nine months on this patient revealed com- 
plete relief from her attacks 

Pathologic Eiammation — Gioss The specimen was a lobulated tumor, i 5 cm m 
greatest diameter, partially surrounded with a delicate fibrous capsule Microscopically, 
sections (Fig i) showed a cellular tumor with moderate sized oval granular nuclei and 
prominent nucleoli The cells were similar in type to the islet cells in the adjacent 
pancreas Mitoses were rare There was a vascular stroma of fibrous tissue separating 
the lobules, and m most places a well-defined fibrous capsule There was no evidence of 
invasion into the pancreas, but in one area there were tumor emboli in vascular spaces 

A review was made of the Hartford Hospital recoids, and tliiee other 
cases of tumors of the islands of Langerhans were found 

Case 2 — Hartford Hospital No 215803 W H, age 73, white male, was admitted 
to the medical service, in 1928, because of morning fainting attacks for three weeks 
previous to admission 

Com sc — Patient was unconscious on admission and only lived three days One 
hour before death his blood sugar was 21 4 mg per cent 

Autopsy — No 452 Revealed a 3 cm carcinoma of the islands of Langerhans in the 
tail of the pancreas, with metastases to the liver and regional lymph nodes 

Pathologic Eravunatioii — Mici oscopic Section showed a tumor composed of masses 
of cells surrounded by a dense avascular stroma The cells had small, oval, granular 
nuclei and were similar to the islet cells m the adjacent pancreas Mitoses were rare 
There was little anaplasia, but definite tumor cell infiltration of surrounding fibrous 
tissue and pancreas Some of the larger blood vessels contained groups of tumor cells 
In places there was degeneration of amorphous hyaline fibrous tissue, with calcification 
The metastases in the liver (Fig 2) and lymph nodes were similar in cytology to the 
original tumor 

Case 3 — Hartford Hospital No 276892 A P , age 59, white male, was admitted 
to the medical service, m 1933, because of morning dizzy spells, collapse, sweating, dis- 
orientation, and convulsive spasms for seven jears These attacks were relieved by the 
intake of sugar Fasting blood sugar specimens varied from 26 to 55 mg per cent 

0 pci at ion — ^July ii, 1933 Dr A M Rowley A very careful search of the whole 
pancreas was made but no tumor was found In exploring the pancreas considerable 
bleeding was encountered which was difficult to control 
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Pomptiaiwc CoHJir—The patient died a few hours after the opeiation fiom shock 
and hemorrhage 

Autopsy — No 1230 This levealed a 12 cm, partially encapsulated tumor deep in 
the substance of the pancreas, and 7 cm from the tip of the tail 

Pathologic Examination —Muioscopic Sections of this tumor showed masses of 
tumor cells, aiianged aiound endothelial-lincd vasculai spaces, with veiy little fibrous 
tissue stionia (Fig 3) The cells lescmbled islet cells of the adjacent pancreas No 
mitoses ucre seen The capsule was completely lacking in places, in fact, theie was 
tumor cell penetration as a mass into the paiicicas, but no actual infiltiation through 
the normal tissue No blood ^cssel iinasion was seen 



CiURT I — Pre md postopentne fisting blood sugir reidings 

Case 4 — Hartford Hospital No 242564 E E , age 20, white female, w'as admitted 
to the Medical Service, m 1930, because of attacks of morning unconsciousness, tremor, 
and mild convulsions for one and one-half ycai s The attacks w'ere prevented by ingestion 
of sugar Fasting blood sugar specimens varied from 23 to 57 mg per cent 

Operation — December 3, 1930 Dr A M Rowley Three tumors from the pancreas 
and one from the left adrenal were excised 

Postopciaiive Couise — The patient died on the second postoperative day, wnth hyper- 
pj rexia 

Autopsy — No 720 This revealed no significant pathology except the evidence of a 
recent abdominal operation 

Pathologic Examination — Gtoss The surgical specimens show'ed three discrete 
tumors of the pancreas, varying in size from 2 to 4 cm The tumor from the left 
adrenal measured 3 cm m diametei, and w'as not encapsulated 

MidoscopicaUy, the three pancreatic tumors showed one well-encapsulated and two 
partially encapsulated adenomata of the islands of Langerhans There was considerable 
variation in the cell arrangements in the three tumors, but the cell type w^as quite similar 
to, and resembled, islet cells of the pancreas In one, the cells were arranged m ribbon- 
like cords which surrounded endothelial-lined vascular spaces (Fig 4) In the second, 
fibrous tissue proliferation separating the tumor cells into small clumps was a more marked 
feature (Fig 5) In the third, the supporting fibrous tissue showed hyaline change and 
areas of amorphous calcium deposit (Fig 6) No mitoses w'ere seen In one of the 
adenomata, tumor cells were found in some of the vascular spaces An acid-alcohol 
extract of this tumor tissue was injected into rabbits, which initiated an hypoglycemic 
shock, that was immediately relieved by intravenous administration of glucose 
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Pathologic Exammalion — Microscopic Sections of the tumor of the left adrenal 
showed a primary adrenal carcinoma, the cytology of which differed entirely from the 
pancreatic adenomata Extract of this adrenal tumoi when injected into rabbits failed 
to cause hypoglycemic shock 


SUMMARY 

A typical case of islet cell adenoma of the pancreas, with relief following 
excision is reported, and thiee othei inteiesting cases aie mentioned 
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THE IMi^AGEMENT OF URETERAL CALCULI 

Charles C Higgins, M.D 
Clvnllvm), Ohio 

The majority of lucteial calculi aic foimcd piimanly in the kidney At 
this site the}' nia} he ictained, oi may pass down the iiietei, wheie they may 
become lodged oi pass spontaneoush into the bl.iddei Rai ely may a calculus 
develop ab uuiio m the uietei m the piescncc of diveiticula oi sacculations, 
the lattei being associated Mith a stuctuie in the uietei itself 

That a stone should not de\clop pnmaid} m the noimal uietei appeals 
logical, inasmuch as the ciystalloids essential foi calculous foimation aie 
Mashed into the bladdei b} the uimai\ sticam The ongm of a calculus m 
the iiretei, hoMCxei. ma} be a calcaieoiis plaque dc\ eloping on the mucosa, as 
mentioned b} Caulk, m mIucIi instance the plaque acts as a nucleus foi stone 
lorination Fiom the standjioint of pieopciatue and jiostopeiatne investiga- 
tion and caie, howeiei. Me ni.iy considci the kidney itself as the site of cal- 
culous formation To minimi7e llie significance of intensive pieopeiative 
stud} ot the etiologic factois iinolved and then collection and eiadication 
dining the operatne pioceduie oi dm mg the jiostojieiatue legimen, is to 
invite lecurient foimation of stones 

The most acceptable h}potheses of the causation of calculi in the uiinary 
tract are (i) Focal infection, (2) stasis, (3) infection of the uiinaiy tiact, 
especially Mith urca-sphtting oiganisms, (4) vitamin A deficiency, (5) 
metabolic diseases, m mIucIi an inci eased excietion of ciystalloids occuis m the 
mine, (6) lupeipaiath} loidism , and (7) local disease of the lenal papillae 

From clinical and expciimental obsei vations, it is appaient that no single 
etiologic factoi is icsponsible foi the foimation of all calculi With oui pies- 
ent conception of calculous disease, it is essential to ascertain the presence or 
absence of the factoi 01 factois icsponsible foi stone foimation in each case 
A piesumption of then absence is fiaught Muth the possibility of a high mor- 
bidity Roentgenologic investigations leveal that the majority of iiieteral 
calculi become lodged m the pelvic poition of the uietei This hesitation m 
the descent of the calculus may be tempoiaiy, in Mdiich case it passes into the 
bladdei or becomes impacted, thus pi eventing finthei movement The 
arresting of the doMuiM'aid pi ogress of a calculus in the uietei may be satis- 
factorily explained by the anatomic chaiacteii sties of the noimal uretei It 
has been demonstrated in cadavers that the caliber of the uietei vanes m its 
different poitions 

Constriction may occui in five locations in the normal uieter (Fig i) , 
namely, (i) at or just below the junction of the uietei and the lenal pelvis, 
(2) at the point mLcic the uietei crosses the iliac vessels, (3) at the base of 
the broad ligaments m the female, and the vas defeiens in the male, (4) at the 
point where the ui etei enters the extei nal musculai layei of the bladder, the 
so-called juxtavesical consti iction , and (5) at the uieteral orifices Between 
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these constrictions the ureter is widened into spindles, the diameter of which 
decreases progressively downward 

In addition to the points of constriction mentioned, physiologic angulations 
of the meter may occui at two points First, at the site where the ureter 
crosses the iliac vessels and dips downwaid into the tiue pelvis, and second, at 
the pms juxtavesicahs which presents a physiologic angulation of from 90° to 
135° Undoubtedly, these conditions m the normal ureter explain, in a large 
proportion of cases, the incidence of uieteral calculi at various levels in the 
ureter 

In this series of 350 cases, 77 4 per cent of the stones were observed in the 
lower ureter, of which 63 3 per cent weie in the pelvic portion, and 14 i per 
cent in the intramural portion The positions of the calculi in this total series 
are shown in Table I 

Table I 

POSITIONS or CALCULI IN 350 CASES 


Right upper ureter 14 cases 

Left upper ureter 16 cases 

Right midureter 21 cases 

Left midureter 22 cases 

Right lower ureter 128 cases 

Left lower ureter 143 cases 

Bilateral ureteral calculi were present in six cases 
Right lower ureter and left lower ureter 3 cases 

Right lower ureter and left upper ureter i case 

Right midureter and left midureter i case 

Right midureter and left lower ureter i case 


MANAGEMENT 

The procedures to be utilized i the management of ureteral calculi are 
(l) Expectant and medical, (2) manipulative procedures, and (3) surgical 
intervention Several factors influence the type of treatment to be advocated 
in the individual case 

Expectant Ti eatment — In eliciting the history from patients with calculous 
disease, we are wan anted m assuming that a large percentage of ureteral 
calculi are expelled spontaneously Many patients cite repeated episodes of 
pain followed by the passage of a calculus In the present senes of 350 
cases, 189 per cent of the calculi passed spontaneously during expectant 
treatment During this period fluids should be forced and urinary antiseptics 
prescribed, if necessary The presciibing of drugs as an aid in the expulsion 
of calculi in the ureter is recommended by some authors Hager^ recommended 
the subcutaneous injection of i cc of i 2000 solution of prostigmin at three- 
or four-hour intervals for four doses to stimulate passage of ureteral calculi 
O’Conor^ reported the results of treatment with this drug in 52 patients 
The cases were selected carefully before its administration In 30 cases in 
which expulsion occurred, the procedure appeared to hasten the passage of 
the stone in 23 instances Of six cases m which calculi of larger size did not 
continue to descend over longer periods of time, in five the stone passed into 
the bladder, and m one it was arrested in the ureteral orifice following the 
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administi ation of this chug In i6 patients, meatotoiny, dilatation and multiple 
catheters oi bougies \\cic employed without effecting passage of the stone In 
the piesence of a huge lowei uietci, and in the absence of complications 
necessitating suigical intenention, ]Mostigmin w'as employed, follow'ed by rapid 
descent oi expulsion of the calculus in 12 of the 16 patients He concluded, 
theiefoie, that of the 66 patients ticated, piostigmin was employed as an addi- 
tional aid m 52, and in iS of these the clinical 1 espouse w'as so sti iking that 
the efficac} of the chug in selected 
cases IS be} oncl doubt 

Scholl,'* 111 ti eating 15 peisonal 
cases in a similai iiiannci ohscned, 
in seven instances that the chug ex- 
eited a beneficial action 

Of 19 cases 111 which I ha\c cm- 
plo}ed the chug, 111 eight instances 
within foul clacs aftei tlie medication 
was prescribed, llie stone was ex- 
pelled from the urctei In foui addi- 
tional cases the stone passed within 
one week, while 111 se\cn instances the 
progress of the calculus was not af- 
fected 

It is known that 111 patients who 
hace passed stones picMousU pio- 
gressneh larger stones may be ex- 
pelled than would occur when the 
initial stone passes into the uietei 
Similarly, a small calculus that has just occupied the uretei is moie apt to 
pass spontaneous!} than if it has been lodged m the ureter foi a longer period 
of time 

In patients in whom expectant tieatment is advocated, caieful observation 
is essential Pi ogi ess 1 oentgenogi ams to follow' the course of the calculus ai e 
required When the patient’s symptoms subside, either a complete block has 
occurred, or mine is passing aiound the stone into the bladder If intiavenous 
urographic study leveals a complete block, m which instance the pelvis and 
calices are not visualized, unless piompt additional treatment is employed, 
complete destruction of the kidney may result To delay instrumentation for 
too long a period of time in selected cases of ureteral calculi, or failure to lec- 
ommend surgical inteivention if deemed advisable, may be attended by little 
success Such postponement may be followed by loss of the kidney, or even 
death of the patient 

Several factors determine whethei manipulative pioceduies are advisable 
or surgical intervention is lequired These are 

(i) Economic Status of the Patient — Just as the economic status of a 
patient may influence the treatment to be instituted in medical pioblems ex- 
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tianeous to the nrinaiy tiact, so may it influence the tieatment to be advocated 
foi a patient having a stone m the uretei A laboi ei having a calculus lodged 
in the uppei ureter and piogiessing downwaid veiy slowly, or having peiiods 
m which the calculus lemains stationaiy, who has repeated attacks of colic 
necessitating confinement to the home, fiequently may be restoied to his gain- 
ful occupation by suigical inteivenlion at an earhei peiiod than if expectant 
ti eatment is advised until the stone is in the lowei third of the uretei In like 

mannei, individuals whose occupations le- 
qune considerable expenditure of energy 
which pi ovokes an attack of colic, because 
of then possibility of losing employment 
due to the frequent disability and financial 
status, may lequire more immediate lelief 
(2) Stce of fJic Calculus — As a gen- 
eial lule the laiger the calculus the less 
likely it IS to pass spontaneously, and the 
more fiequent will manipulative efforts 
fail Obviously, the size of the ureter is 
of consideiable importance with relation to 
the size of the calculus in determining the 
progiess of the stone 

In Joly’s'^ experience, patients passing 
stones at varying intervals of time are able 
to expel progressively larger stones from 
the ureter Hmman^ states that, generally 
speaking, stones of more than i cm in 
size 111 the upper uretei, oi more than 2 
cm in size in the lower ureter, requne 
opeiation if they have not been affected 
by one oi two manipulations, or if they 
have not moved foi some time 

In this series it was noted that calculi 
laiger than i cm in diameter infrequently 

Fig .-Miiifpie catheters i.t.ii.ed in re P^ss dowii the uretei spontaneously 111 
moving a stone from the loiver ureter absciice of back pi CSSUl e they may be 

obseived and followed by loentgenogiaphic studies 

The majority of uieteral calculi aie small, howevei, and unless impaction is 
present oi they aie attached to the mucosa of the ureter by spicules, they will 
descend to the lowei third of the ureter where, in the absence of complications 
or conti amdications, manipulative efforts may be attempted 

(3) Position of the Calculus in the Uietei — A stone in the lower third 
of the ureter usually is moi e amenable to manipulative efforts than a calculus 
in the uppei ureter Whei e a small calculus is present in the upper or middle 
thud of the uietei, in the absence of complications, it is pieferable to permit 
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the stone to descend to the lowei thii d of the ui etei befoi e attempting manipu- 
latne piocedines 

If the stone is o^Cl i cm m si/e and has been in the iippei uietei, foi 
some time, and lemams impacted oi moves veiy slowly, opeiation is advisable 
This IS especiall} tine in the piescnce of infection oi inciease in hydro- 
nephiosis In some instances onl} ,i mild dcgiee of obstiuction is piesent 
as the mine passes by the ii icgulaiities in the calculus, thus piodiicing slight 
dilatation of the inetci above the stone d'his dilatation, howevei, may be 
sufficient to dislodge the calculus which then ]msscs into the pelvic uietei In 
many instances a stone at this site is tieatcd expectantl} oi by vaiious manipu- 
lative eftoils vhen suigical mteivention should ha\e been employed without 
hesitancy The moitahty is cxtiemeh low and the kidney is saved fiom the 
laiages ol back piessuie and infection 

In contiasl to stones m the ujipei uietei, when they occupy a position m 
the low ei thn d of the ui etci , exjiectanc) and manijiulative efioi ts m the absence 
of contiamdications aie to be fa\oied Caieful obsenation is essential, how- 
evei, as they maj lemain heic foi some time, pioducing but few' symptoms oi 
only vaiying degiees of colic Howexci, suigical mteixcntion should not be 
delajcd following disappointment m the expectant oi manipulative tieatment 

(4) Slalii'i oj ihc Kidney Aboz'c flic Sionc — Continuous evidence of lenal 
changes from back picssuie oi infection, as evidenced by ])am ovei tbe kidney, 
or a progiessncly cnlaigmg h}dionephiosis, as levealed by an mtiavenotis uio- 
grain, contiaindicates continued consenative manipulative clifoits In like 
inannei, if the uiogiam leveals that the calculus is pioducing complete blockage 
of the ureter, e\en m the absence of pain, the obstiuction must be lelieved If 
a cathetei cannot be passed beyond the stone, surgical mteivention is advisable 
In cases in wdneh the pelvis of the kidney and calices aie not visualized by 
intravenous urogiaphy, it does not imply that a normal oi faiily noimal function 
wall not be levealed wdien the obstiuction is lemoved Joly states that the pies- 
ence of a coexisting chionic pai enchymatous nepbiitis contiaindicates con- 
servative medical management, this condition pi eventing the foicing of fluids 

(5) of the Patient — In eldeily, debilitated, senile patients, repeated 
manipulative efifoi ts f i equently ai e not w'ell lolei ated and may be attended by 
severe general leactions In the piesence of an enlaiged pi estate, cystoscopic 
manipulation is moie difficult and is attended by consideiable trauma This 
condition may favor an open opeiation, although the calculus is of a size that 
manipulative treatment w'ould be employed m a younger individual In small 
children, manipulative effoits in selected cases may be employed Newer 
instruments have been intioduced in lecent )'eais to facilitate cai lying out such 
procedures without trauma oi difficulty Again, howevei, lecouise to surgical 
intervention should not be neglected in selected cases such as congenital 
anomalies which may render conservative piocedures extremely difficult 

The presence of lesions in the opposite kidney, such as obstiuction from 
various etiologic agents, stones, etc , may influence the treatment to be rec- 
ommended 
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(6) Coexisting Pathologic Conditions — Various other factors may influ- 
ence recommending surgical inteivention The presence of a large cystocele, 
stricture of the urethia, fibroid uteri, and pelvic tumors, may contiaindicate 
manipulative eflfoi ts In the presence of anuria, the presence of a solitary kidney 
or bilateral ureteral calculi must be considered Here vre aie confronted with 
an emergency and, if possible, the passage of a catheter beyond the obstruction 
IS of paramount importance in facilitating urinary diamage, the immediate 
attack upon the calculus being delayed until the crisis is passed 

Mampidahve Piocedmes — In lecent yeais urologic surgeons have been 
more enthusiastic regarding the manipulative management of ureteral calculi 
There are several objectives to instrumentation, and the instrument to be em- 
ployed IS influenced by the purpose of the procedure 

(1) Drainage by passing a catheter beyond the stone to relieve back 
pressure and to assist in eradicating infection 

(2) Dilatation of the ureter 

(a) Passing a ureteral catheter or cathetei s beyond the stone and leav- 
ing them in situ for from 24 hours to three or five days (Fig 2) 

(b) Employing bulb catheters of varying sizes 

(c) Using mechanical dilators, such hs the Dourmashkin bag, to dilate 
the ureter or the orifice below the stone 

(3) Using especially designed instruments for extraction of the stone or 
extractors, such as the Council, Welland, Howard, or Johnson 

(4) Meatotomy by fulguration or the use of especially designed ureteral 
scissois 

The large number of instruments available today for the manipulation of 
stones in the ureter attest to the fact that no single instrument or method 
IS suitable m all instances 

Undoubtedly, experience Avith the various procedures influences the advis- 
ability and the selection of the instrument to be used in a given case 

As has been fiequently stated, the manipulation of stones in the ureter is 
not an office procedure and hospitalization is to be recommended m all cases 

Many types of manipulative procedures are advocated by various authors 
I still prefer the use of multiple catheters, and then the Council extractor if 
the stone is not delivered by means of cathetei s The spiral dislodger is 
especially efficacious m the lemoval of calculi impacted m the ureteral meatus 
(Fig 3) Largei stones lodged m the intramuial portion of the ureter may be 
removed by employing fulguration or especially devised ureteial scissors (Fig 
4) Care and gentleness during manipulation, m order to minimize trauma 
of the ureter, are important 

After the cystoscopic removal of a ureteral calculus, a uieteral catheter is 
passed to the kidney pelvis to remain for a period of from 24 to 48 houi s This 
minimizes the incidence of pain following manipulative procedures 

In a series of 199 cases of ureteral calculi, reviewed a few years ago, it 
was noted that m 1 5 cases, or 7 9 per cent, the stone passed spontaneously , m 
69, or 34 7 per cent, the calculus was expelled after cystoscopic manipulation 
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with multiple catheteib , and 12, 01 6 pei cent, weie exti acted fiom the uieteral 
orifice In 21 instances suigical inteivention was leqiiiied aftei manipulative 
effoits V ei e unsuccessful In 65 patients, 01 32 7 pei cent, suigical intervention 



Tig 3 — Spinl cli'^lodgcr for rcnio\ing stones from the nreteril orifice 

was advocated piimaiily, while 111 17 patients opeiation was lecommended but 
refused by the patient 

In a later series of 251 cases, it was noted that 43, 01 17 i per cent, passed 
the calculus spontaneously, 171, 01 684 pei cent weie lemoved by suigical 
inteivention, and 37, or 14 7 per cent, weie lemoved by manipulation 



Fig 4 — Incision in the lower ureter with cystoscopic scissors, for remoiil of a stone impacted in the 

lower end of the ureter 

In the present series of 350 cases, 66, or 189 pei cent, passed the stone 
spontaneously, in 56, or 16 pei cent, the calculus passed after manipulation, 
while in 228 cases, or 65 i per cent, suigical intervention was deemed advisable 
Fiom these statistics it is evident that there has been a gradual increase in 
the number of stones expelled spontaneously or by manipulative procedures ^ 
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In a seiieb leviewed b}^ Bumpus and Scholl,*’ at the Mayo Clinic, 72 7 per 
cent weie removed hy open operation, and 272 pei cent by manipulative 
procedures 

The high incidence of surgical intervention in the present series may be 
accounted for by the lelatively laiger number of stones present in the upper 
ureter, and the fact that in many instances repeated manipulative piocedures 
had been attempted before the patient entered the clinic, and further manipula- 
tive attempts to deliver the stone were not advisable 

In advocating manipulative pioceduies foi the removal of stones fiom the 
uietei, the following must be consideied The economic status of the patient, 
the age of the patient, the size and position of the calculus, coexisting pathology 
rendeiing manipulative pioceduies difficult 01 hazaidous, evidence that the 
patient does not tolerate cystoscopic proceduies such as the development of 
pyelonephritis following insti umentation, the status of the kidney above the 
stone, the status of the opposite kidney, a fixed stone 01 one that has lecently 
passed into the uretei, a stone complicated by a pionounced periuieteral reac- 
tion usually associated with a fixed stone, in the piesence of a progressively 
enlarging hydronephrosis, with 01 without infection, when lepeated manipu- 
lative efifoits fail, and ceitain congenital abnoimahties 

Ceitainly, a dogmatic statement should be avoided as instances may aiise 
in which each of these objections are not tenable 

Suigjcal Intervention — The operative lemoval of a calculus fiom the 
uietei may constitute but one phase in the management of this gioup of 
patients The status of the kidney above the stone must be given due con- 
sideiation, as it may be damaged by back piessuie and infection to such an 
extent that its potential ability to lepaii is ml If the kidney is pyonephrotic, 
a nephiectomy is necessaiy, if a large dilated uietei also is evident, an addi- 
tional uietei ectomy may be advisable With vaiying degiees of hydro- 
nephiosis conservatism is advisable unless functional studies show iirepaiable 
kidney damage 

In many instances the status of the kidney may be detei mined by intra- 
venous uiogiaphic studies, 01 if a catlietei can be passed beyond the stone 
functional studies and a retiograde pyelogiam give the desiied information 
Howevei, I have seen numerous cases with hydronephrosis associated with 
uietei al calculi which diminished markedly m size and the function returned 
to noimal, or appi oximately noimal, after lemoval of the stone In all instances 
conservatism is the proceduie of choice, if it may be safely recommended 
In recent years, refinement in the opeiative technic has diminished the 
pei lod of hospitalization, the mortality, and morbidity in the group of patients 
111 whom ui eterolithotomy has been performed A muscle-splitting operation 
and an extrapei itoneal approach is utilized in removing stones in every portion 
of the meter This lessens the incidence of hernia and in many instances the 
patient may leave the hospital in se\ en to nine days after surgical intervention 
has been instituted 

In removing a calculus fiom the meter I piefer to make the incision in 
the meter slightly above the point of obstruction rather than directly over the 
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stone itself This minimizes tiauma to the iiieteial tissue overlying the 
calculus \\hich is ahead} the site of a peiiuieteiitis A foiceps is passed gently 
dovn to the stone vhich is easily vithdiaun This deci eases the incidence of 
stnctuie formation postopeiatively 

The incision m the uieteial nail is leappioximated with No ooo plain 
catgut sutuies, aioiding passing thiough the mucosa of the meter A lubber 
tissue diain is intioduced m all cases 

Theie is one opciatue piocediue foi the lemoval of a calculus fiom the 
lonei iiietei in nomen nhich, I do not believe, has leceived sufficient atten- 
tion This IS the cmploNinent of vaginal iiieteiolithotomy If a calculus can 
be palpated m the iiietei upon laginal examination, it may be leinoved readily 
by this loute This piocediue has been einplo)ed successfull}^ m 13 patients 
111 this senes, nith no complications While it has been stated that a fistula 
may lesult, tins has not been 0111 expeiience m any patient m this gioup 
In the piesent senes of 22S cases, 111 nhich suigical mten eiition was 
necessai} and uieteiolithotoni} nas employed, fom deaths occuiied One 
patient died of peiitonitis one of postopci atn e pneumonia, one fiom caidiac 
failuie, and one patient succumbed fiom a ceiebial embolism In one instance 
a peisistent uietcial fistula occuiied. latei lequiiing nephiectomy 

Complications aie aioided by adequate pieopeiative study and postopeia- 
tive caie The opeiatue proceduie po vc is but one phase m the manage- 
ment of this giouji of jiatients Intensive pieopeiative study and a well 
planned postopeiatne legimen cannot be o\ei emphasized 

CONCLUSIONS 

A study of the ctiologic factois associated with calculous foimation is 
essential m e^ely patient uith a uietcial stone 

A ciitical evaluation of the pioceduies available foi the lemoval of a 
calculus from the uictei must be made 111 each individudl case 

The indications foi suigical mteivcntion must not be oveilooked and, be- 
cause of the low moilality and moibidity, should be advised m indicated cases 
Expeiience with the vaiious piocedures available foi the lemoval of a 
stone from the uietei influences the choice of method 01 instiument 

The tieatment to be lecommended is that which, in the expeiience of the 
surgeon, has been accompanied by the most satisfactoiy end-iesult 
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Congenital maleormations and tumors designated as dermoids or 
teiatomata have foi centuries greatly impressed and stimulated investigations 
by many students of biologic and medical problems The literature dealing 
with various aspects of the saci ococcygeal group of teratomata alone is so 
voluminous that no attempt can be made to review it in this paper, nor is it 
feasible to discuss the various classifications or the theories concerning the 
nature and embryologic genesis of teratomata Recent reviews of the subject 
are those of Ewing, ^ and MacCallum^ The latter presents a detailed and 

Table I 

TEN CASES or MALIGNANT DEGENERATION OF TERATOMATA 
From the Literature 

Ape at 






Time of 

Type of 



No 

Author 

Certain Cases 

Year 

Sex 

Death 

Malignant Tumor 

Metastases 

Autopsy 

I 

Rudolphy* 

1897 

9 

12 months 

Papillary adeno- 
carcinoma 

Lungs 

Yes 

2 

Fletcher and Waring® 

I goo 

cf 

29 months 

Adenocarcinoma 

Lymph nodes 

Yes 

3 

Hmterstoisser® 

1908 

9 

23 months 

‘ Alveolar sar- 
coma ' 

Lungs 

Liver 

Lymph nodes 

Yes 

4 

Bergmann’’ 

igii 

o' 

17 months 

Papillary adeno- 
carcinoma 

Lungs 

Yes 

5 

Stewart Alter and 
Craig® 

1930 


3 years 

3 mos 

Papillary adeno 
carcinoma 

Lungs 

Liver 

L>mph nodes 

Yes 

6 

Renner and Goodsitt’ 

1935 

9 

1 1 months 

Carcinoma 

Invasion of 
rectum 

Yes 

7 

DeVeer and Browder'® 

Probahle Cases 

1937 

o' 

21 months 

Embryonal car- 
cinoma 

Lymph nodes 

Yes 

8 

Gramm'® 

1902 

9 

21 months 

Chondrosar- 

coma 

Lungs 

Lymph nodes 

Yes 

9 

Pandalai Forsyth and 
Stewart" 

1924 

o’ 

12 months 

Papillary adeno- 
carcinoma 

? 

None 

10 

Susuki' 

1936 

d’ 

3 years 

Adenocarcinoma 

Lungs 

Liver 

Lymph nodes 

Yes 


critical discussion of the theories of origin and many references to the original 
literature are given 

The histologic structure of sacrococcygeal teratomata has been carefully 
analyzed and described The unusual nature and behavior of these growths is 
undoubtedly responsible for the great number of publications, which is en- 
tirely out of proportion to the fiequency with which these tumors occur 

* Now at the Dept of Pathology, Harvard Medical School, Boston, Mass 
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Miiioi vaiiations and insignificant peculiaiities aie added in some of the case 
lepoits of recent date, while othei papers aie devoted to consideiations of 
the tieatment of these tumois Tieatment, indeed, cuiiently lepresents the 
inajoi part of the pioblem of saci ococcygeal teratoma 

Malignant tumois developing in saci ococcygeal teiatomata have occasion- 
ally been obseived The extieme laiity of such changes and the presence m 
oui files of two cases showing the development of malignancy piompt this 
lepoit 

An efifoit has been made to establish the actual numbei of similar cases in 
the hteiatuie (Table I) Seveial instances of alleged malignancy, and cited 
as such, have been omitted f i om this list on account of insufficient description 
01 appal ent faulty inteipietation This lefeis paiticulaily to cases published 
111 the lattei pai t of the last and eai ly pai t of this centui y 

CASE REPORTS 

Case 1 — Historj' No H L H 98937 E E Y , a wliite, female baby, was first 
seen at the age of ten months She was referred to the hospital by her local doctor with 
the diagnosis of a tumor of the right buttock This was present at birth and had slowly 
increased m size ever since 

Family Histoiy — This was negative except for the occunence of frequent tumors 
on the maternal side Both parents are well 

Patient’s Hist 01 y — Birth was normal On the day after birth the mother first 
noticed that the right buttock was slightly larger than the left It slowly and pro- 
gressnely increased 111 size, especially during the eighth and ninth months The buttock 
was always firm and at times warm The anal opening was dislocated toward the vagina 
Bowel movements had been quite normal 

Two months ago the child refused to sit or to he on the right side The appetite 
became poor, but there was no loss of weight A diagnosis of a tumor of the right 
buttock was made and confirmed roentgenologically An operation was advised, and the 
child was transferred to the Harriet Lane Home of the Johns Hopkins Hospital 

Physical Exaviinatwn — The patient was a ten-months’-old well-developed and well- 
nourished white female baby, that was extremely irritable and cried when made to sit 
up or to he on the back The baby preferred the knee-chest position and was standing 
on a wide base There was marked lordosis Both buttocks were quite prominent The 
right buttock was larger than the left There was a large, firm and smooth downward- 
projecting mass in the right buttock The overlying skin was quite warm and there were 
dilated veins on the surface Dilated vessels were also seen in the skin over the lower 
lumbar spine and the sacrum There was also some slight yellowish pigmentation of the 
skin over this area and a mild depression could be seen over the sacral spine which was 
covered by a slight growth of hair The sacrum seemed to be pushed backward The 
rectum, on digital examination, was found to be pushed over to the left by a smooth, 
firm, rounded mass in the right side of the pelvis The posterior vaginal wall was 
pushed forward slightly into the vaginal cavity Behind it, a firm mass could be felt in 
the pelvis The anal opening was wide and there was prolapse of rectal mucosa About 
the anus a ring of bluish discolored skin about 3 cm in diameter was seen 

The abdomen was somewhat protuberant No masses could be felt anywhere m the 
abdomen A few axillary, cervical and inguinal lymph nodes were palpable but not 
enlarged A diagnosis of sacrococcygeal teratoma was made The roentgenograms con- 
firmed the diagnosis of a large tumor, seemingly arising from the region of the pelvic 
outlet Collections of calcium deposits were seen in it It was thought that these might 
represent teeth Laboratory data were negative 
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On surgical consultation, it was decided to irradiate the tumor before operation in 
order to reduce, if possible, the size of the tumor From October i6, 1936, to November 
9, 20 roentgen treatments were given Half of these were directed to either side of the 
tumor The distance was 50 cm , a 2 Mm Cu and a i Mm A 1 filter were used, with 
200 K V , 20 Ma , a total of 1,740 r in all was given m the course of this treatment 

The growth of the tumor seemed to come to a standstill, whereas it had been 
increasing in size before treatment The patient tolerated these irradiations well Twice 
there was a transient diairhea 

The patient was discharged in good general condition, and was to be followed 
further in the dispensary Just before discharge a soft cystic mass was felt at the dividing 
line between the two buttocks 

About three months later, at 15 months of age, the patient was admitted again She 
had had a persistent upper lespiratory infection while at home Otherwise, she had been 
well until SIX days befoie admission, when it was thought that the tumor was growing 
again At this time several areas of fluctuation were felt m the tumor, which now 
involved both buttocks, particularly the right 

During a period of 12 days, nine roentgen treatments were given The dosages were 
as follows 200 KV , 20 Ma , skin-target distance 50 cm , Y2 Mm Cu and i Mm A 1 
filters A total of 792 r was delivered Five irradiations were directed toward the tumor 
from the left and foui from the right side There was no change m the tumor at that 
time, and the patient was again dischaiged for further observation in the Out-Patient 
Department The child remained at home for three and one-lialf months She received 
one treatment with radium in the second month (one month previous to her third 
admission) 

Soon after the radium treatment the child became irritable and refused to stand 
or walk She looked pale and lost weight Two weeks before admission she developed 
obstinate constipation She was admitted foi the third time at the age of 19 months The 
tumor had grown considerably larger and two soft lumps of large size had appeared on 
the surface of the mass There was more distortion of the rectum and of the genitalia 
Both legs were partially paralyzed and the muscles ati opined In the right lower 
quadrant of the abdomen there was a firm mass projecting from the right pelvis and 
extending to the midline 

Opoaiioii — June 18, 1937 Under general anesthesia, a large, partially firm and 
partially soft tumor was shelled out and dissected away from the bladder and the 
rectum The tumor was found to extend up into the pelvis and was fiimly attached to 
the coccyx, which was resected The sacrum was curetted, since the tumor was attached 
to it also A nodular mass of tumor was seen to extend up into the abdominal cavity 
and this could be removed also Ihe patient stood the operation well, and immediately 
postoperative had a formed stool Several transfusions were administered The operative 
wound drained and healed slowlj 

After an initial improvement during the first three weeks after operation, an abdom- 
inal mass could be felt It extended up to the umbilicus Small ulcerations appeared 
about the rectum and the child became more and more cachectic The abdominal mass 
increased rapidly in size and the liver became enlarged The child died two months 
after the operation, at the age of 2i months 

Autopsy Repot t (No 15448, Doctor McAllister) The description will be limited to 
points of particular interest 

The body is that of an extremely emaciated and dehydrated female bab> Manj 
dilated veins are seen over the abdomen and over the back There are several small 
shallow ulcers in the perineal region, and there is a draining sinus leading into the right 
buttock There are a few palpable lymph nodes in each groin Both buttocks are enlarged, 
the right being larger than the left No other lesions are seen externally 

Gross Pathology — A large tumor mass, situated in the retroperitoneal tissue pushes 
all the abdominal organs upward and anteriorly, including the aorta, the inferior vena cava, 
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and both ureters, which oveihe this mass The tumor measures approximately 13x13x25 
cm The right ureter is obstiucted and the vena cava is dilated distally The mam tumor has 
eroded the vertebrae and intervertebral disks and the right ileum posteriorly The tumor 
is soft, somewhat lobulated, and greyish-yellow Several cysts are found in the tumor, 
the laigest measuiing 2 5 cm m diametei The tumoi surrounds the vena cava and aorta 
In the inferior vena cava theie is, completely filling the lumen, soft yellowish material 

The entire region of vagina and urcteial oiifices is infiltiated bj’^ the tumor There 
is tumor mateiial m the mairow of the head of the femur 

The large tumor is continuous with a smallei tumor in the light buttock The drain- 
ing sinus mentioned earlier, communicates with this mass which is somewhat firmer and 
pink The left buttock is fiee 

klanv small nodules are found in both lungs and in the hvei These are of a greyish- 
wliite color and soft The largest ones measure about i 5 cm in diametei A mucoid 
mateiial can be squeezed out of them A few cjstic areas aie seen in some of them 
Bionchial, periportal and letioperitoneal hniph nodes contain similar gelatinous tumor 
nodules 

The tumor removed at operation nicasuies 12x105x10 cm It is somewhat peai- 
shaped and surrounded by, for the most part, a smooth fibrous capsule Portions of fat, 
numerous adhesions and remains of muscle are seen on one side The opposite side of 
the tumor is smaller It is on this part of the tumor that most of the adhesions and 
muscle tissue are found, and it shall be leferred to as the base The tumor is rather 
soft and of a somewhat elastic consistency When cut in numerous sections, the surfaces 
present a rather uniform picture — show'ing numerous C3sts varying from a few' milli- 
meters to 3 5 cm m diameter Most of the cysts are thm-w-alled and transparent Many 
contain a gelatinous tenacious bluish-grey opaque material Gioups of cysts are sometimes 
sui rounded by a membrane of connective tissue, giving it a nodular appearance Small 
areas of black pigmentation are occasional Ij' seen in the tumor A few' calcified foci are 
encountered, but no teeth are found The capsule of the mass varies in thickness from 
3 to I cm At the base and along one side of the tumor there is a sht-hke separation 
of the capsule, dividing it into a parietal and visceral poition The narrow' elongated 
cavity contains a small amount of greasy material and a few hairs m places The inner 
surface of this cavity is roughened here and there The more solid tissue at the base 
show's some large areas of necrotic, friable material in close association with some of 
the cystic cavities 

Mjc) oscoptc Eiammation — The tumor removed at operation show's a dense partially 
h}'ahn capsule and a varietj' of tissues There are derivatives of all three germ layers 
The cysts are lined b} ciliated and noncihated cylindrical epithelium, resembling the 
mucosa of trachea Some cysts are lined by squamous epithelium Islands of squamous 
cells are often found in the cylindrical epithelium as well Other ej'sts are lined by 
cuboidal or flat epithelium Many mucous glands, w'lth ducts, are present m the inter- 
stitial tissue The lumina of many cysts are filled w'lth a homogeneous somewhat pink- 
staining material In addition, parts of the following structures are found m the tumor 
Cartilage and bone, smooth muscle, pigment cells, intestinal mucosa, pancreas with 
islands of Langerhans, ovarian stroma w'lth structures resembling follicles, choroid plexus, 
nervous tissue, epidermal epithelium w'lth appendages There are inflammatory cells in 
some parts of the tumor, and a sinus is found showing fresh granulation tissue in which 
a few giant cells are seen 

Sections from the base of the tumoi show an entirely different type of tissue m 
addition to the above-mentioned structures It is composed wholly of a single-type of cell 
which has large polygonal and relatively pale-staining nuclei w'lth little chromatin and 
but scant cj'toplasm In some regions the cytoplasm of the tumor cells is vaculated The 
cells grow in single layers or in massed sheets They are situated on a delicate vascular- 
ized network of connective tissue Numerous papillary proliferations are seen and the 
tissue has, on the whole, the characteristic appearance of a papillomatous tumor In some 
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areas an acinar structure is noted Here a pink-staming, homogeneous material is often 
found in the lumina, formed by the tumor cells 

The number of mitotic figures varies considerably In focal areas tumor cells are 
compactly clustered and in other areas the structure is loose There are foci of necrosis 
and hemorrhage There is invasion of adjacent tissues and blood vessels 

It is this tumor which has invaded the bones and retroperitoneal tissues There is 
a thrombus of tumor cells in a branch of the left external iliac vein The metastases in 
the liver and lung show the same type of tumor cell Other microscopic studies revealed 
a chronic cystitis and an acute necrotizing pyelitis of the right kidney 

Anatomic Diagnosis Congenital coccygeal teratoma, involving right buttock Papil- 
lary adenocarcinoma arising m teratoma and invading right buttock, lower lumbar and 
sacral vertebrae, right ileum and head of femur Extension of tumor into pelvic and 
retroperitoneal tissues Metastases in liver, lungs, retroperitoneal and bronchial lymph 
nodes Urethral and ureteial obstruction by tumor Chronic cystitis Chronic and acute 
necrotizing pyelitis, right Compression and invasion of pelvic veins and inferior vena 
cava Draining sinus communicating with tumor mass in right buttock History of 
preoperative roentgenotherapy and radium treatment 

Case 2 — History No 3822 H E B, white, male, age 13 months, was admitted 
to the Johns Hopkins Hospital, April 12, 1926, because of constipation and anuria 
Family Histoiy — Not remarkable 

Patient’s Histoiy — Patient was a full-term child At the time of birth a small 
reddish discoloration was noticed just to the left of the coccyx on the thigh This resem- 
bled a birth mark It measured about i 5 cm in diameter The family physician advised 
no tieatment At the age of two or three months a small lump of walnut-size was 
found in addition to the discoloration Neither the discoloration nor the lump seemed 
to increase in size during the first four or five months of life A little later the mother 
thought that the area of discoloration and the mass beneath it increased in size The 
attention of the familv physician was called to this but he advised against any inter- 
ference The child developed some slight constipation at the age of about nine months 
Since the child was given solid food foi the first time during this period, it was thought 
that the constipation was due to the change of food The constipation persisted, however, 
and became worse slowly, so that at the age of 12 months, enemas had to be given 
A doctor was again consulted and he gave calomel, whereupon the bowels moved freely, 
though for a short time only 

A week later it was noted that the left leg was somewhat swollen The area of dis- 
coloration and the mass beneath were larger than before, and there were dilated blood 
vessels in the skin above and around it The child lately assumed a knee-chest position 
when awake and seemed to be much more comfortable in this position 

One week before admission, at the age 13 months, the child seemed toxic and was 
passing very small amounts of urine Catheterization was performed, and the child was 
relieved Repeated catheterization became necessary, which procedure became more and 
more difficult As the symptoms of constipation and anuria became worse, and catheteriza- 
tion more difficult, it was decided to hospitalize the child 

When the patient entered the hospital he had not voided for several hours, and 
the bladder was greatly distended A retention catheter was introduced and a decom- 
pression apparatus used The retention was relieved, and the child started voiding again 
m about one week 

Physical Examination — ^The patient was a slightly under-developed, weak and 
irritable child The abdomen \vas distended The bladder dulness extended two fingers’ 
breadth below the umbilicus On the left buttock, to the left, and close to the sacrum 
and coccyx, there was a subcutaneous, soft mass covered by bluish discolored skin, 
measuring about 3 cm in diameter It was freely movable, but seemed to be attached to 
the deeper structures of the sacrum The superficial veins of the skin were dilated The 
left thigh was swollen On suprapubic palpation an indefinite mass could be felt along- 
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Side the distended bladder On rectal examination an almost complete obstruction of 
the rectum was found in the ampulla A slit-like opening was all that remained of the 
rectal canal The rectal mucosa was smooth and intact everywhere A large tumor mass 
could be felt, this was film and filled out the concavity of the sacrum and was attached 
to both sides of the pelvis The mass was so firm as to suggest bone formation Roent- 
genologically, a distortion of the lowei portion of the sacrum was noticed 

A diagnosis of tumor of the pelvis was made, with the probability of a periosteal 
sarcoma Hence, roentgen and radium treatment seemed most advisable This combined 
treatment was carried out during the following weeks The roentgenotherapy was 
continued for i8 days, beginning at a dosage of 15 minutes and gradually increasing 
up to 20 minutes He was given a total of five half-hour radium treatments per rectum, 
making a total of 500 me hours 

A few dajs after entering the hospital the left thigh was noticed to be swollen and 
there was definite swelling of the left inguinal nodes The right inguinal nodes were 
normal in size 

The treatment was well-tolerated, and the tumor mass became much smaller The 
intestinal and urinary obstruction disappeared almost completely The patient was able 
to void and normal stools were passed The swelling of the left thigh and the discoloration 
of the skin had disappeared, and the subjacent tumor mass had decreased to about one- 
half the size noted on admission The patient was discharged 19 days after admission 
For two weeks, roentgenotherapy was continued three times a week The child 
improved steadily and continued to do well for about one month Reexamination, in about 
four weeks after discharge from the hospital, showed a fairly well-nounshed child 
An indefinite mass could still be felt on palpation to the left of the midline in the pelvis 
The mass had decreased m size considerablj The enlarged lymph node in the left 
groin had entirely disappeared The left thigh was still a little larger than the right 
The mass m the uppei portion of the left buttock was still present but it was much 
smaller and softer than before 

The general improvement of the child lasted for about one month After this time 
the tumor began to grow rapidly Urinary obstruction occurred again 

On June i, 1926, two months after the final admission, the tumor had spread to 
the inguinal nodes on the left side and also the right side Small nodular masses could 
be felt in the abdomen and in the liver The tumor at the coccyx had not increased in 
size Roentgenograms showed metastases also in tlie lungs The child became weaker, 
and finally died, July 26, 1926, almost four months after the final admission 

Autopsy Repot f (No 9375, Doctor Forbus) The report will be limited to the 
points of interest (Abdominal incision only ) 

The body is that of an emaciated male child, 16 months of age The abdomen is 
greatly swollen The lower extremities are edematous, the left leg more so than the 
right Both buttocks are quite prominent Just to the left of the tip of the coccyx, and 
extending for about 5 cm up over the posterior surface of the sacrum, there is a soft 
cyst-like mass The overlying skin is of a bluish color 

The abdominal organs are greatly distorted in shape and location, due to the pres- 
ence of extensive nodular masses In the pelvis, occupying the retroperitoneal tissues, 
there is a large tumor mass which completely fills the whole cavity This has pushed 
aside all the pelvic organs The bladder is pushed far upward, m such a way that it 
rests on the anterior surface of the tumor mass, right above the brim of the pelvis In 
attempting to remove the tumor, after a dissection of the pelvic organs which are not 
involved by it, it is found that there is a direct continuation of tumor tissue into the 
structures of the left thigh beneath the inguinal ligament The tumor is very densely 
attached to the floor of the pelvis and to the anterior surface of the sacrum and coccyx 
There is no invasion of any bony structures There is a distinct continuity between this 
tumor and the cystic tumor which was described as being located in the sacral region 
externally It is easy to remove the sacral cystic tumor from its bed 
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The blanches of the vena cava inferior are markedly compressed by tumor masses 
and a thiombus is found in the mam stem of the inferior vena cava There is an ulcera- 
tion of the mucosa of the rectum The retroperitoneal tissues and lymph nodes are 
diffusely invaded and replaced by a rather soft yellowish-grey, brittle tissue which is of 
a tenacious and mucinous charactei There aie widespread hemorrhages There are 
numerous metastases in the liver, the lungs, and in bronchial lymph nodes The better 
preserved, smaller metastases show a homogeneous grey, granular surface with some 
mucoid material There is tumor tissue m branches of the portal veins also 

The pelvis of each kidney is somewhat dilated but there is no appreciable dilatation 
of the ureters The other organs show no lesions 

Frozen-section of the sacral tumor show a variety of tissues including intestinal 
mucosa, skin, and nervous tissue Sections of the invading tumor show a different t3'pe 
of tissue, which will be described later 

The sections which remain for studv (other sections and blocks have unfortunately 
been lost) show the following The tumor mass, located subcutaneously in the left but- 
tock, shows a single cyst lined by squamous epithelium Sections from the cystic part 
of the pelvic tumor show cysts lined by high columnar mucus-producing epithelium The 
epithelium sometimes changes m character from place to place In some places it is 
squamous, m others ciliated, m again others it is cuboidal A few hair follicles are seen 
m the cysts lined by squamous epithelium These cysts aie surrounded by a rather dense 
connective tissue An island of undifferentiated epithelial tissue is found in the inter- 
stitial tissue Smooth muscle as well as nervous tissue is seen 

The malignant tumor is composed of different cells These cells are somewhat 
cuboidal, they have little cjtoplasm and consist for the most part of large poljgonal 
nuclei with varying amounts of chromatin The nuclei are relatively pale These tumor 
cells are ai ranged m various ways They tend to grow m single layers along fine 
strands of connective tissue, forming small papillary branching structuies In other 
places they grow m solid columns and in others small acini are formed by tumor cells 
Solid nodules of tumor cells are found here and there, surrounded by connective tissue 
membranes A cystic appearance is frequently seen and in these parts a pale bluish, 
homogeneous substance lies between loosely arranged tumor cells Many mitotic figures 
are seen There are necroses and hemorrhages The metastases throughout the body 
show the same type of cell and the same variations m arrangement, which is pre- 
dominantly that of a papillary adenocarcinoma 

The remaining organs show no lesions except for a chronic ulceration of the mucosa 
of the rectum, which shows loss of mucosa and gianulation tissue with an occasional 
giant cell 

Anatovuc Dtagtwsis Papillary adenocarcinoma aiising m cystic sacrococcygeal 
teratoma Extension of tumor into pelvic and retroperitoneal tissues and left thigh 
Metastases in liver and lungs, retroperitoneal and bronchial lymph nodes History of 
lepeated urinary and intestinal obstruction by pelvic tumor and of deep roentgen and 
radium treatment with relief of symptoms Pigmentation of skin Ulceration of rectum 
Slight obstruction of both ureters and slight hydronephrosis, bilateral Thrombosis of 
inferior vena cava 

Discussion — Both cases represent typical congenital sacrococc3^geal tera- 
tomata They weie both found at, or soon after biith Derivatives of all 
three germ layeis -were found in both tumors 

The outstanding featuie in these two cases is the development of a malig- 
nant tumor in the teratoma Both tumors had infiltrated the adjacent tis- 
sues and metastasized to vaiious oigans They showed verj striking similari- 
ties in structuie (Figs i and 2) 

It has been pointed out by several authois that teratomata — wherever 
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they occur — ate a potential souice foi the oiigni of a malignant tumoi Mac- 
Callum^ states “While it is tiue that the teiatoma itself is benign, it is not at 
all uncommon to find the development of a distinct caicmoma at some point 
in its epithelium, exactly as we find it m the body m general ” As a rule, one 
type of cell only assumes the malignant chaiacter and spieads throughout the 
body The possibility that a variety of cells m a teiatoma aie stiried to such 


A 



B 

Fig I — Cise i Path No 15448 (A) Portion of teratoma (B) 
Portion of papillary adenocarcinoma 


a change and that combinations of tissue metastasize is remote, and has not 
been shown to occur However, Schaiiei® leports a lemaikable case of a 
14-year-old girl who had a teratoma of the left ovary This was composed 
of mature and immature tissue elements of all three germ layers In addition, 
a very immature and unclassifiable type of tissue was seen in it There were 
numerous metastases and m these all tissues of the original tumor were found 
The immature cell-foims predominated in the metastases As it is unlikely 
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that tissue complexes became malignant and metastasized, as pointed out 
above, the author explains his case by assuming that a pait of the veiy undif- 
feientiated multipotential poition of the teiatoma became malignant These 
cells were then swept away by eithei the blood oi lymph stieam or implanted 
themselves on the peritoneum Heie, a number of them proceeded to dif- 
ferentiate and thus images of the original tumors weie formed, containing 

A 



B 

1 ic 2 — Cise 2 Patli No 9375 (A) Portion of teratoma (Bt 

Portion of papillarj adenocarcinoma 
(Photographs b\ Milton Nongl) 

cysts, cartilage, and neuro-ectodermal tissues It seems likely that in this case 
also only one type of cell was stimulated to malignant growth 

The cases repoited heiewith, and all those collected from the htei attire 
showed the development of malignancy, also, of only one type of cell It is 
interesting, in this connection, to note the frequency of papillomatous adeno- 
carcinomata Moreovei, all but two cases were malignant tumois of epithelial 
origin The case of Hinterstoisser® can probably be mterpieted, on account of 
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the minute desci iptioii, as a caicinoma, while the exact natuie of the tumor 
desciibed by Giamm^^ lemaiiis obscuie 

The fiist tiustwoithy lepoit of a malignant tumor aiismg m a saciococ- 
cygeal teiatoma is that of Rudolphy The description of the oiigmal tumor, 
undoubtedly, chaiacteiizes it as a teiatoma and the detailed leport on the 
histology of the malignant tumoi makes the diagnosis of a papillaiy adenocar- 
cinoma ceitam The case of Fletchei and Waimg^ also seems to be beyond 
doubt, judging fiom the clinical and pathologic data In Hinterstoisser’s*’ case 
a teiatoma was desciibed containing cystic cavities, bone and cartilage, and 
also some stiuctuies which weie lefeiied to as lotind cell saicoma The child 
was well foi 21 months after opeiation, and then a pelvic tumoi was found 
At autopsy theie was a laige letropeiitoneal mass with metastases m lymph 
nodes, lungs and livei This was diagnosed as laige cell alveolai saicoma 
It IS likely, and the desci iption suggests, that the authoi was dealing with an 
adenocaicinoma, although its identity cannot be ascei tamed today The case 
of BeigmaniF (No 4 of his senes) undoubtedly belongs m this senes No 
malignant changes weie found in the teiatoma removed at opeiation but four 
and one-half months latei a laige pelvic and 1 eti opentoneal tumor and wide- 
spiead metastases were found at autopsy The tumor showed a papillary 
stiuctuie and gland foimation The case of Stewait, Alter and Ciaig^ is a 
typical congenital sacrococcygeal tei atoma in which a papillary adenocai cinoma 
developed Theie weie metastases m livei lungs and lymph nodes In 
Renner and Goodsitt’s^ case a typical postsacial teiatoma was found and 
lemoved at opeiation Ten and one-half months latei a second tumoi had 
developed which was anterioi to the sacium Both pioved to be teiatomata, 
but in the second tumor a papillaiy tumoi with attempts to gland foimation 
was desciibed in addition to the teiatomatous stiuctuie Theie was invasion 
of the wall of the lectum DeVeer and Browder^*^ describe a sacrococcygeal 
teiatoma in a six-months-old child This was removed and no malignant 
changes weie found Fifteen months latei the child died of a tumoi, with local 
extension and metastases to lymph nodes The tumoi is described as em- 
biyonal caicinoma 

To these seven cases three more can be added, although they do not show 
as much evidence either of the true nature of the teiatoma 01 of the malignant 
tumor 

The case of Pandalai, Foisyth and StewaiF’^ is anothei example of a 
papillaiy adenocaicinoma, developing m a teratoma The papillary adenoma 
and caicinoma are supposed to have shown striking lesemblances to tumors 
of the choioid plexus There was no autopsy SusukF^ in a paper on 
Teiatomata’ desci ibes an adenocarcinoma with widespread metastases orig- 
inating in the left buttock He fails to describe the teratoma The clinical 
histoiy IS suggestive of the presence originally of a congenital teratoma The 
case of Giamm^^ has been noted frequently as an example of this type of 
tumoi As the oiiginal paper was not obtainable it is impossible to include 
this case with any degree of certainty in this series However, the data given 
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in othei papeis®' do indicate that there was a teratoma, and do suggest that 
there was a malignant tumoi with metastases to the lungs and lymph nodes 
It was diagnosed as chondrosarcoma 

Additional cases described as teiatomata with malignancy and some of them 
cited as such as in the literature, are those of Frank, Nakayama,^® Leopold 
and Phillips,^’'’ Heigl,^® Sawday,^® Wemtiaub and Young, and Grubei 
These cases have been referred to in an earlier paragraph and it may suffice to 
say that there seems no justification to include these cases in this list There 
was eithei apparent misinterpietation of the nature of the malignant tumor 01 
absence of any evidence of a teiatomatous tumoi Metastases occuired in 
none of them, and some of the lepoits are too fiagmentaiy to diaw any 
conclusions (Table I) 

Comments — It is well known that malignant tumors may arise in teia- 
tomata in othei paits of the body They occur, foi instance, in such tumors 
of the testis, the ovaiy, 01 the mediastinum The mateiial presented in this 
paper cleaily demonstiates the possibility of malignant degeneiation in the 
group of saci ococcygeal teiatomata This potential dangei should be borne m 
mind in all considei ation of tieatment Law,^- in a discussion of pelvic tumors 
with sacral attachments, advocates eaily tieatment “We believe that, owing 
to the demonstiated tendency to malignant degeneiation, these tumoi s should 
be removed when lecogmzed ” Similar opinions have been voiced by Stewait, 
Alter and Ciaig,® and othei s Iiiadiation as a palliative measure is undoubt- 
edly indicated m all cases in which mahgnancjf with metastases has ensued 
The demonstrated 1 ecuri ence in some cases and the development of malignancy 
even aftei eaily operation peihaps indicates the necessity of postopei ative 
prophylactic in adiation even m the absence of malignant changes in the tumoi s 
removed at operation Since some of the malignant tumors were found in the 
tissues at the base of these tumoi s (neai the point of attachment to bone, con- 
nective tissue, 01 caitilage) it appeals important to pay particular attention to 
this legion in microscopic studies of opei ative specimens 

SUMMARY 

(1) Two cases of typical congenital saci ococcygeal teratoma aie leported 
In each of them a papillaiy adenocaicmoma with widespiead metastases 
developed 

(2) The literature is leviewed and ten similai cases have been found 

(3) The necessity of early surgical treatment is pointed out 
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FROM THE MCGILt UM\ ERSITY CLINIC ROI AL \ ICTORIA HOSPITAL MONTREAL CANADA 

Although a great amount of experimental work and clinical observation 
has been directed towaid the solution of the etiology of shock m general, there 
still remains a divergence of opinion as to the actual factor or factors which 
may be responsible Perhaps, as Blalock^ notes in his recent monograph, 
theie is more evidence m favoi of the toxic theoiy in bum shock than in most 
othei forms This is borne out in pait by the results of treatment which in- 
hibits the absoiption of toxins, such as the tannic acid method of Davidson^ 

The possibility that some toxin might be liberated from burned tissue, and 
thus be responsible for the shock-like state which is sometimes observed in 
patients aftei burns, was considered early in the studies on this subject, and 
a gieat many possible agents have been named Evidence in favoi of the 
toxic theory is based mainly on the effect of tiansplantmg the skin of burned 
to healthy animals, producing shock in the recipients and alleviating symptoms 
m the donoi animals (Vogt,’’ Vaccarezza"*), or on the effects of the injection 
of extracts fiom burned tissues into healthy animals (Robertson and Boyd®), 
01 111 the detection of a vasodepressoi substance in the fluid perfusing a 
burned limb (Nagamitu®) Much of this work, however, has remained un- 
confirmed, and evidence against the toxic theoiy of burns has been presented 
by Harrison and Blalock'^ who weie unable to note any effect on animals due 
to the transplantation of burned skin Furthei evidence against this theory 
was provided by Haikms, Wilson and Stewart,® and Fendei ® An excellent 
review and discussion has been given by Harkins 

In the early experiments on histamine. Dale and Laidlaw^^ noted the 
marked similarity between the effects of a large dose of histamine and the 
symptoms of tiaumatic shock They suggested that the absoiption of hista- 
mine or some similai substance might be the cause of the symptoms of trau- 
matic shock As pointed out bj Barsoum and Gaddum,^” there is a marked 
similarity between the electrolyte and other changes of the blood m both con- 
ditions Subsequent investigation, however, did not support this theory, 
principally because of the inability to deinonsti ate an accumulation of histamine 
in the blood of shocked animals (Smith^®) Furthermore, the experiments of 
Dragstedt and Mead^'^ showed that when histamine shock was produced in 

* Presented m part at the meeting of the American Association of Pathologists and 
Bacteriologists, New York, April, 1941 

fThe expenses of this investigation were provided in part by the National Research 
Council, Ottawa, Ont 
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dogs, histamine could leadily be found m the blood of these animals On the 
othei hand, using the same methods of detection, it was not possible to note 
an inciease of the histamine content of the blood of dogs m traumatic shock 
Thus, the histamine theory of shock was rejected by many workeis, foi it was 
thought that if histamine weie lesponsible foi the pioduction of symptoms, it 
must be inci eased m the peripheial blood As will be pointed out, this con- 
ception may be an erroneous one in the case of the human at least 

The first observations on the blood histamine aftei bums were made by 
Baisoum and GaddunT- shoitly aftei their desciiption of the method for the 
exti action of histamine m blood Nine cases in all weie investigated, four of 
which weie described in detail A maiked increase in the blood histamine 
was noted after the fifth or sixth day following the burn, later than the usual 
time foi the development of secondaiy shock They felt, howevei, that theie 
was some coi relation between the area of the bum and the magnitude and 
duiation of the rise m histamine but weie of the opinion that there was no clear 
evidence of a coi relation between the blood histamine and the clinical condition 
of the patient Code and MacDonald^^ desciibed an additional case of burns 
in whom the blood histamine was determined Then findings agreed, m 
geneial, with those of Barsoum and Gaddum 

In the present studies, seven cases weie available Six of these were 
burned at the same time, and thiee were admitted to the Royal Victoria 
Hospital within an houi of the accident Thiee othei s were admitted to the 
Monti eal Geneial Hospital, and were not studied until the ninth day A sev- 
enth case, previously described (Rose and Biowne^®) is included 

In all instances the histamine content of the blood was detei mined by the 
Code^’^ modification of the Baisoum and Gaddum'® method Hemoglobin 
estimations weie cained out using the Evelyn photo-electiic coloiimetei, and 
the plasma proteins weie detei mined by the falhng-diop appaiatus, as recom- 
mended by Scudder Blood specimens wei e removed fi om the large vein 
on the outei aspect of the aim or fiom the antecubital vein when possible 
Stasis was avoided by the lemoval of the touiniquet befoie withdrawing the 
blood and clotting was pi evented by the placing of a small amount of hepaiin 
(Connaught Laboi atones) m the syringes In this mannei, all the determina- 
tions could be made from the same specimen of blood Hematoci it estimations 
were always carried out as an additional check on the hemoglobin, and as a 
means of obtaining the small amount of plasma necessaiy foi the determina- 
tion of the plasma proteins All histamine determinations are expiessed as 
gamma of base per loo cc of blood {gamma, or y = o ooi mg , or microgram) 
Blood Histamine m Normal Patients — In a pievious communication 
(Rose and Biowne'®), histamine determinations were earned out on the blood 
of 50 normal persons It was found the average histamine content of the 
blood IS 4Y per loo cc with variations of from 2-7 5Y per 100 cc It was 
noted, further, that the histamine level of the blood of any one individual 
lemains lemarkabl}'' constant over long periods of time These findings agiee, 
111 geneial, with those of Barsoum and Gaddum,'® and Code and MacDonald '® 
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EFFECT OF CUTANEOUS BURNS ON THE BLOOD HISTAMINE OF PATIENTS 

Case I — Patient No 289 This man was admitted to the hospital within one hour 
after sustaining severe burns about the face and neck, both hands and forearms, and the 
area about the elbows His condition was considered fair A specimen of blood was 
obtained and, under a general anesthesia, his wounds were cleansed and tannic acid was 
applied He received an intravenous injection of 500 cc of half plasma and saline 
The details of treatment, along with the changes in the blood histamine, hemoglobin, 
plasma proteins and blood pressure are shown m Chart i It will be observed that there 


THF BLOOD HISTAMINE, HEMOGLOBIN, PLASliA PROTEIN AND BLOOD PRESSURE OF PATIENT NO ESS 



Chart i — Case i The blood histamine, plasma protein, hemoglobin and blood pressure are shown 


was little alteration in the hemoglobin and plasma protein, indicating that the intravenous 
therapy was adequate, and that hemoconcentration was being controlled The blood 
histamine was high one hour after the burn, and it will be noticed that there was no 
indication of shock at this time The blood histamine fell rapidly to a level of about 67 
per 100 cc on the morning of the third day, where it remained for several days At this 
time there was a moderate amount of edema, but the clinical condition of the patient 
was good It will be noticed that there was a slight tendency to hemoconcentration at 
this time also On the fifth day, as the patient began to improve clinically, the blood 
histamine had risen to a high level, reaching 157 per 100 cc on the eleventh day, where it 
remained until the twentieth day, when he was discharged 

Case 2 — Patient No 290 A male, age 27, was admitted to the hospital one hour 
after sustaining very severe burns about the head, face and neck, upper chest and back, 
both hands, forearms and lower arms His condition was considered to be serious and 
it was believed that part of the upper respiratorj tract mucous membrane was also 
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damaged A sample of blood was taken and, under a general anesthesia, the wounds were 
cleansed and tannic acid was applied An intravenous injection of soo cc half plasma 
and saline was administered On the following morning, there was beginning evidence 
of edema, and the patient was slightly toxic Because the hemoglobin had risen to 114 
per cent an intiavenous injection of 1,000 cc half saline and plasma was administered 
Blood concentration was adequately controlled by the intravenous administration of 
plasma from this time, as indicated 111 Chart 2 Clinically, however, the patient was very 



TIME AFTER BURN IN D A Y5 
Chart 2 — Case 2 The blood histamine, plasma protein, hemoglobin and blood pressure are shown 

toxic and difficult to handle The edema was very marked about the face and arms, 
beginning about 24 hours after the burn and increasing until the third day It began to 
decrease about the seventh daj^ and he improved slowly from that time on It will be 
observed that as the toxemia and edema increased, the blood histamine declined until it 
was I 57 per loo cc on the morning of the fourth day It was impossible to obtain blood 
on the sixth and seventh daj's It will be seen that there is a definite correlation between 
the clinical condition and the histamine level of the blood By the fifteenth day, the 
blood histamine had reached a level of 6 57 per 100 cc and the patient was discharged on 
the twenty-fifth day 

Case 3 — Patient No 291 A male, age 45, was admitted to the hospital one hour 
after sustaining severe burns about the face, neck, both hands and the lower forearms 
A specimen of blood was taken, and without anesthesia, the wounds were cleansed and 
saline dressings applied His condition was considered good On the following morning, 
although 2,700 cc of fluid had been taken by mouth, the hemoglobin had risen to 130 per 
cent, indicating a marked reduction in plasma volume The details are shown m Chart 3 
He was given an additional 1,500 cc of fluid by mouth during the day, and at ii pm the 
hemoglobin had risen even further, to 138 per cent, and the hematocrit was 80 Thus, 
though the patient seemed in good condition clinically, marked hemoconcentration had 
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taken place He was given i,ooo cc of saline and plasma intravenously, and on the 
following morning (third day) the hemoglobin was still 118 per cent By the administra- 
tion of additional plasma it will be seen that the blood concentration was restored to 
within normal limits only by the evening of the fourth day It will, furthermore, be 
noted that the blood histamine was not greatly increased to start with and fell rather 
rapidly after the third day to a very low level, o 57 per cent 100 cc by the morning of 
the fifth day Up to this time, the patient had been well clinically, although there was 



TIME IK VATS 

Cu^RT 3— Cise 3 The blood histimnie plasnn piotcin, hemo 
globin and blood pressure are sho\Mi 

some purulent dischaigc on the dressings About 6 pm on the fifth day, he complained 
of feeling chilly, the temperature and pulse began to increase but the respirations were 
normal At about 12 30 am on the sixth day there was a sudden increase in the blood 
pressure from 100 to 160 Mm Hg The temperature was 105° F and the pulse was 
about 140 He died suddenly at 2 a m 

A postmortem examination was made 48 hours later The burned areas were a 
bright red The abdominal viscera appeared slightly pale The liver, spleen and kidneys 
were normal in size and appearance They did not drip blood on section There was no 
evidence of ulceration throughout the gastro-intestinal tract The adrenal glands showed 
no evidence of gross change and were of normal size The heart and lungs were removed 
together No evidence of a thrombus or embolus was found The lungs were slightly 
hemorrhagic Examination of the brain showed a small brown area about the size of a 
small pea m the pons On microscopic section, however, this was found to be due to a 
localized dilatation of blood vessels and there was no actual hemorrhage The cause of 
death was, therefore, not ascertained 

It was previously believed that a midbraiii hemorrhage could be the cause of such a 
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death, but no such lesion was found Thus, the onb' abnoimal finding which was detect- 
able 12 hours befoie death was the maikedh' diminished blood histamine 

Case 4 — A male, age 34, was admitted to the Montreal General Hospital with first 
degiee burns about the face, neck and hands Theie was also a small burned area on the 
left leg Undei a genei al anesthesia, his wounds were dressed with tannic acid and silver 
nitrate His condition was good and he made a lapid recovery, being discharged on the 
fourteenth day As w'lll be noted m Chart 4 the blood histamine on the ninth and twelfth 
da\s was rvithin normal limits 



Chart 4 — Tins figure represents the histamine content of the Wood of 
some cases of se\ert hums taken at various intervals It will be noted that 
immedntelj following the burn the blood histTimne is markedly increased 
in Cases i and 2 There is then t decrease in the blood histamine content 
of Cases 1, 2, and 3 at about the thud and fourth dajs This decrease is 
correlated with the signs of damage and the piesence of edema The blood 
histamine then decreases even further if the state becomes moie severe, as in 
Cases 6 and 7, or increases as lecoverj ensues, as will be noted in Cases i 
and 2 

Case 5 — A male, age 45, was admitted to the Montreal General Hospital after sus- 
taining third degree burns of the head, face, neck, both hands, wrists, forearms and 
two-thirds of the back The burned areas were spiayed with gentian violet The 
hematocrit reading was 54 on the day of admission and 61 on the second day Histamine 
determinations were made on the ninth, twielftli and sixteenth days It will be seen 
(Chart 4) that they were within normal limits The hematocrit readings were 41, 41 
and 39, respectively He made a good recovery 

Case 6 — A male, age 34, was admitted to the Montreal General Hospital with first 
and second degree burns about the head, face, neck, left side of thorax, hands and fore- 
aims Under a general anesthesia, tannic acid and silver nitrate were applied to the 
wounds The urine contained albumin on the third day, and R B C and casts appeared 
by the fifth Anuria developed on the ninth day The blood histamine was determined 
on the ninth day, and was found to be markedly decreased The hemoglobin was 106 per 
cent, and the hematocrit was 48 (Chart 4) A transfusion of 500 cc was given on the 
tenth day, and on the following day he died 

Case 7 — Patient No 86 A female, age 45, was admitted to the Royal Victoria 
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Hospital following severe burns to the chest and abdomen The wounds were cleansed 
and tannic acid was applied She was not seen until the sixth day, when a blood specimen 
was obtained No histamine was found in the blood and the patient died on the following 
day There was no autopsy 

Discussion — From a suivey of the results obtained in the piesent studies, 
It will be observed that following severe bums, changes in the blood histamine 
level occui which may be divided into thiee distinct phases First, a marked 
increase in the blood histamine which is piesent within an houi occui s m 
certain cases Latei, in all cases, a rapid and marked deciease takes place, 
the blood histamine content i caching its lowest level on the third to fifth day, 
the time at which edema and the signs of toxemia are most maiked There 
appeal s to be some correlation between the degi ee of damage and edema, and 
the deciease in the blood histamine, foi such a decrease is most marked m the 
seveie cases, and fiom Chart 4, it will be seen that m each instance where 
death occui red, the histamine content of the blood was well below the normal 
level 16 to 24 hours pieviously As the edema subsides, the histamine level 
of the blood returns to noimal oi above Such an increased blood histamine 
level may peisist foi some time Of these thiee phases, that most consistently 
observed is the maiked deciease m the histamine content of the blood as edema 
develops 

Pievious investigations on blood histamine content in cases of burns by 
Baisoum and Gaddum,^- and Code and MacDonald^”^ showed an inciease in 
the blood histamine after the fourth or fifth day The present investigations 
indicate that while an increase may occur at this time (as m Case i of our 
series) the blood histamine does not always use above the noimal Barsoum 
and Gaddum^- mteipieted this use as a possible cause of burn shock, wheieas 
the piesent studies show that it occui s as the clinical condition of the patient 
IS improving It is piobably for this leason that they had difficulty in at- 
tempting to con elate these changes with the onset of shock Furthei examina- 
tion of then results reveals that the blood histamine level was beginning to 
deciease in the cases that died Although then diagrams do not indicate the 
actual day on which the determinations were made, a decrease m the blood 
histamine was appaiently occui ring m Case i, and no deteimmations were 
made m Case 4 foi at least foui days befoie death Theie was, however, a 
beginning decrease m the blood histamine level at this time Thus, both m 
burns and m shock due to trauma 01 surgical inteivention, a marked decrease 
m the histamine content of the blood occurs (Rose and Biowne^®) This is, 
therefoie, contrary to the oiigmal conception that the histamine content of the 
blood must be inci eased during shock 

These results may perhaps be explained on the basis of pievious work 
In studies on allergic patients, one of us (Rose-®) has shown that stimulation 
of the skin of a patient with deimatogiaphia may lead to rapid mciease m the 
blood histamine which, in turn, is followed within 20 minutes by a decrease to 
below the original level as wheal formation takes place Thus, as postulated 
by Lewis,^^ irritation of the skin may result m a lelease of histamine It has 
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been noted, fmthei, that following the pioduction of a laige aiea of edema, 
such as IS occasionally seen aftei the subcutaneous injection of a vaccine, or 
dining the stage of swelling in angioneuiotic edema, a maiked i eduction of 
the blood histamine usually occuis (Rose^*^’ “-) 

At this point. It may be well to note that m ceitain blood dysciasias the 
total blood histamine may be inci eased as much as one hunched times without 
any symptoms being pioduced lefeiable to the histamine (Code and Mac- 
Donald,^^ Rose--’) This is due to the fact that undei these ciicumstances the 
gieatest poition of the blood histamine is held wuthm the cellulai elements 
(Code-*), and, as such, it is inactive It is only wdien histamine is leleased 
fioin the cells of the blood into the plasma that it becomes active On the othei 
hand, a deciease m the blood histamine has been obseived only duimg shock, 
01 wdien maiked edema of the skin and supeificial tissues is present 
(Rose***- Since a deciease m the blood histamine to below noinial 
levels is usually con elated wuth such symptoms, it is felt that it may be of 
11101 e clinical significance than an inciease This aignment is suppoited, 
fmthei, by the obsenation that followung the subcutaneous injection of hista- 
mine, theie is a deciease m the blood histamine as symptoms aie pioduced 
(Rose-')> s«d this has also been noted follownng the intiavenous administra- 
tion of histamine (Rose-**) 

In connection wuth the secondaiy inciease of histamine in the blood, 
wduch IS seen aftei the fouith oi fifth da)’’, it is mteiesting to note that an 
inciease in the blood histamine has been obseived m cases of chionic nutation 
of the skin (Rose--) 

Loos-*’ has expressed the opinion that that histamine may increase m the 
tissue about an aiea of inflammation, and this has actually been demonstiated 
in labbits by Rocha E Silva and Biei,-® and Tairas-Wahlbeig Followung 
the production of burns m dogs, Kisima"*** obseived an initial inciease m the 
histamine content of the blood follow'ed m twm to thiee days by a deciease 
These changes w’eie accompanied by an inciease m the histamine content of 
the spleen, liver and pancreas It may be that histamine is concerned with 
the shift of fluid from mtra- to extracellulai spaces and is, itself, transfeired 
to the aiea of edema, wdiethei it be the skin and supeificial tissues, or the 
viscera 

The value of blood studies as a guide to the tieatment of shock has been 
emphasized by Moon^* and Scudder *** Although it is agi eed that hemo- 
concentration is a ciiteiion of shock, we have been struck by the number of 
instances where it was not piesent although, clinically, the patient was m 
shock, with a falling blood pressuie and an inci easing pulse late In all such 
cases, as, indeed, m othei s when hemoconcentration is manifest, the histamine 
content of the blood is always decreased to below normal In the present 
studies. Case 3 illustrates a type of death which may have been influenced by 
the initial hemoconcentiation Yet, on the day of death, blood studies weie 
normal with the exception of the blood histamine which was markedly de- 
ci eased In pievious studies (Rose and Browne*^ and Rose, Weill and 
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Browne^-) it has also been noted that patients may die in spite of the intra- 
venous administration of amounts ot plasma adequate to oveicome hemo- 
concentration, as conti oiled by blood studies The hemoglobin, hematocrit, 
plasma piotein and othei constituents of the blood, such as the chlorides, 
sodium and potassium may not be significantly altered undei these conditions, 
but in all instances, theie is marked diminution of the histamine content of 
the blood As shown in the piesent cases, the admmistiation of plasma may 
markedly reduce hemoconcentration without affecting the couise of the blood 
histamine A possible explanation is that the histamine lemains low as long 
as the tendency to loss of fluid from the blood stream continues, even though 
by the use of intravenous fluids the blood volume may have been restored to 
noimal so that no actual hemoconcentration exists at the time of taking the 
specimen Thus, the blood histamine might be regaided as reflecting some 
piocess moie fundamental than hemoconcentration in the causal chain of 
events leading to shock From the piesent evidence, one cannot determine 
whethei the changes in blood histamine are m any way causally related to the 
mechanism of hemoconcentiation and shock A reconsideration of its possible 
importance seems however to be justified since histamine shock, and shock 
due to trauma or burns may all be coi related with a decrease in the histamine 
content of the blood 

CONCLUSIONS 

(1) Studies on the blood histamine, hemoglobin, hematociit and plasma 
liiotems have been made in seven patients following seveie bums 

(2) It has been shown that a maiked inciease in the blood histamine 
occurs in certain cases within one hour after the burn In all cases, there 
IS a decrease in the blood histamine as toxemia and edema appeal As the 
edema and signs of toxemia disappear with the clinical improvement of the 
patient, the blood histamine rises to normal 01 higher levels Such secondary 
increases in the blood histamine may persist above the normal foi some time 

(3) There appeals to be a definite correlation between the degree of 
damage and the decrease m the histamine content of the blood Thus, 
the most maiked decrease in the blood histamine has been noted 12 to 36 
houis before death Similar findings have been observed m other cases of 
fatal shock 

(4) Changes in the blood histamine do not appear to be altered by the ad- 
mmistiation of plasma m amounts sufficient to control hemoconcentration 

(5) These findings are discussed in relation to the changes obseived in the 
histamine content of the blood in other conditions 

The authors wish to acknowledge the kindness of Dr Fraser Gurd and Dr C K P 
Henry, of the Montreal General Hospital, and of Dr Gavin Miller and Dr A L Wilkie, 
of the Rojdl Victoria Hospital, who generously made these cases available for study 
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A STUDY OF THE WEIGHT OF THE CELIAC GANGLION AND 
ITS RELATIONSHIP TO ESSENTIAL HYPERTENSION 

REPOBT UPON 201 CELIAC GANGLIA 

Meyee 0 Cantor, M S , M D 

Detroit, Mich 

FROM TBE DEPARTMENT OF PATHOLOOT, MATEF DNIVERSITS, COLLIOE OF MEDICINF DETROIT AIICII 

The treatment of essential hypertension, which for so many years 
had been purely a medical problem, is now being taken up by surgeons all 
over the world The smgical attack upon the problem of essential hyperten- 
sion IS quite varied The exact surgical pioceduie employed is dependent 
upon the etiologic concept held by the surgical center where the patient hap- 
pens to be Thei e are three surgical concepts of the etiology of essential hyper- 
tension, and as a result there ai e three methods of opei ative attack 

The first surgical concept consideis essential hypertension as being due to 
hyperepinephnnemia This theory is supported by De Courcy ® The litera- 
ture refuting this concept is voluminous" 

The second surgical concept is the neurogenic theory held by Max Peet^® 
and the Mayo Clinic This concept, also, has been vigorously attacked by 
many recent workers, paiticulaily by Goldblatt and his coworkers 

The third theory with surgical potentialities is that of Crile This theory 
states that “only those individuals who have by inheritance large celiac and 
aortic ganglia can and do have hypei tension ”■* Crile'^ states that the average 
weight of the ganglion in cases of essential hypei tension is 1,015 mg for the 
left ganglion, and 669 mg foi the right ganglion In the nonhypertensive 
group that he reported, the average weight of the celiac ganglion was found to 
be 310 mg for the left ganglion, and 350 mg for the right ganglion in cases of 
epilepsy In recurrent hypei thyi oidism, he found the average weight of the 
left celiac ganglion to be 235 mg , and the average weight of the right celiac 
ganglion to be 271 mg In a group of cases with neurocirculatory asthenia, 
Crile reported the average left ganglionic weight as being 205 mg , and the 
right ganglionic weight 340 mg In recent papers,*^ Ciile states that the 
normal weight of the celiac ganglion in the nonhypertensive individual varies 
from 250 to 350 mg The photographs shown by him also tend to show the 
markedly greater size of the celiac ganglion in cases of hypertension as com- 
pared with the celiac ganglion in nonhypei tensive individuals 

The present study was undei taken foi the puipose of determining the 
weight of the normal celiac ganglion and foi the fuither puipose of testing the 
relationship of the size of the ganglion and essential hypertension The litera- 
tuie does not contain such data as is presented here 

Anatomy of Cehac Ganglion — The anatomic descriptions given for the 
celiac ganglia differs with almost every author The cehac ganglion has been 
described as being as large as a “nickel,”"* or a “strawberiy One anatomic 
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text describes it as being one inch in diametei ^ Many authors speak of its 
semilunai shape,-® although most wnteis note variability m legaid to this 
Cl lie noted that the left celiac ganglion was usually largei than the light 
and he was the hist to lepoit the weight of the ganglia All wiiteis have uni- 
foimly agieed that the gieatei splanchnic neive joins the celiac ganglion at 
the upper outei pole of the ganglionic mass 

In the senes of cases which we studied (201 ganglia), we found a gieat 
vaiiation in the size, shape, and weight of celiac ganglia The left celiac 
ganglion was usually found to be laigei than the light, the diffeience in size 
being veiy maiked in some cases — in which the left ganglion was two to three 
times the size of the right Howevei, in many cases the weight of the light 
and left ganglia were almost equal Occasionally, the light ganglion was found 
to be larger than the left This difleience in size has been unexplained as yet 
It IS possible that it may have to do with the close appioximation of the left 
celiac ganglion to the aoita A second possibility has to do with the possible 
relationship between the human “left biainedness” and the larger left celiac 
ganglion Functionally, howevei, since the aiea of neivous distiibution is 
greatei fiom the right than fiom the left celiac ganglion, one might expect the 
light ganglion to be the laigei Such was not usually found to be the case 

It was usually veiy difficult to sepaiate the left ganglion from the adventitia 
of the aorta Often, in the piocess of separation, the adventitia of the aoita 
was found attached to the undei suiface of the left ganglion The right 
ganglion could easily be dissected fiee and the right aorticorenal ganglion could 
usually be dififeientiated from the celiac ganglion, wheieas, on the left side, 
the aoiticorenal ganglion was often fused with the left celiac ganglion to form 
a single fleshy mass 

Uniformly, the left celiac ganglion lested directly upon the aorta, wheieas 
the right celiac ganglion rested upon the right cius of the diaphiagm, undei 
the inferior vena cava In the vast majoiity of the ganglia that we dissected, 
the greatei splanchnic neive did not join the celiac ganglion at the uppei outer 
pole of the ganglion, but lather joined it at its postei o-inferolateral pole We 
used this point of union with the gi eater splanchnic neive to deteimine the 
lower limit of the celiac ganglion The fleshy mass below this was considei ed 
as being aorticorenal As stated, on the left side the aoiticoienal ganglion is 
so intimately blended with the celiac ganglion that it was often impossible 
to sepaiate them Using oui arbitiary lower limit of celiac ganglion as the 
point of junction of the greatei splanchnic neive with the ganglion, we cut 
the ganglionic mass flush with this point of union of the greatei splanchnic 
nerve and the celiac ganglion As a lesult, our specimens should repiesent 
celiac ganglion alone For purposes of orientation on the specimens, the 
terminal half centimetei of gi eater splanchnic nerve was left attached to 
the celiac ganglion On the light side, the aorticoienal ganglion was usually 
joined to the celiac ganglion by neive fibeis which were cut with ease On 
this side, the lesser splenchmc neive joins the lower ganglionic mass (aortico- 
renal ganglion) and the gieatei splanchnic neive joins the upper ganglionic 
mass (celiac ganglion) 
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At times, both splanchnic nerves pierce the crus of the diaphragm at the 
same point, and travel together to the point of union of the greater with the 
celiac ganglion Just before this union is made, the lessei splanchnic nerve 
may he seen coming off fiom the conjoined tiunk and passing downward to 
the aoiticoienal ganglion to unite with it At times the greater and lesser 
splanchnic nei ves do not travel together but pierce the crus of the diaphragm 
through separate openings Invariably the greater splanchnic nerve pierces 
the diaphragmatic crus above the lesser splanchnic , the latter then comes out 
below and medial to the point of emeigence of the greater splanchnic nerve 
The same relationship of the two splanchnic nerves exists on the left side, but 
heie the aorticorenal ganglion is so intimately blended to the celiac ganglion 
that the whole constitutes one large fleshy mass 

Usually the greater splanchnic nerves, after running along the vertebral 
column m a longitudinal course pieice the crura of the diaphragm on each 
side, and then suddenly make a iight-angle turn medially and terminate in the 
celiac ganglion of the paiticulai side at the postero-inferolateral angle of the 
ganglion Often the greatei splanchnic nerve passes behind the upper end 
of the celiac ganglion and gives one the impression that it is joining the uppei 
end of the ganglion, but actually it passes downwaid behind the ganglion to 
join the ganglion at its lower outei pole, this anatomic feature provides a 
satisfactory boundary foi determining the lower limit of the celiac ganglion 
Sometimes the i ight-angle tui n made by the gi eater splanchnic nerve foi ms a 
loop with a diameter of one centimetei In almost all cases one can easily 
pick up the greatei splanchnic nerve by passing the index fingei downward 
along the bodies of the lumbai veitebiae and the ciuia of the diaphragm 
When the palpating fingei leaches the greater splanchnic neive at its right- 
angle turn, the fingei is halted by the loop foimed by the angular turn of the 
nerve as it approaches the ganglion Occasionally, the gieatei splanchnic 
nerve emeiges fiom behind the cius of the diaphragm at a point one to two 
centimetei s higher up than the celiac ganglion In such cases, it passes down- 
waid in a stiaight course lying upon the crus of the diaphiagm and then makes 
a right-angle turn medially and forward when it reaches the level of the celiac 
ganglion The greatei splanchnic neive, in its abdominal course, varies from 
o 2 to o 4 cm in thickness and is quite resistant to tearing 

There is an extreme degree of variation in the size of celiac ganglia Some 
ganglia aie one-half centimetei from side-to-side, and others measure two to 
three centimeters m the same dimension The greatest diametei was gen- 
erally from the lateral to the medial edge of the ganglionic mass, although in 
some of the triangular ganglionic masses the veitical measurements was the 
largest There was also some degree of variation in thickness, but not to the 
same degree as in the other measurements Some of the ganglia were about 
o 2 cm thick, while others measured almost o 7 cm in thickness Figures 1-4 
show some of the variations in size and shape found in celiac ganglia 

Vaiiatwnsm Ganglionic Weight with Sex, Age, and Size of Individual — 
There was an extreme degree of variation in weight of the ganglia which 
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ranged fiom small ones weighing 270 mg to vei}^ laige ones weighing 2,000 
mg Among adults theie was no con elation between the size of the individual 
and the size of the celiac ganglion Some of the largest individuals had the 
smallest ganglia and vice veisa In thiee cases of pituitary dyscrasia in 
women who wei e found to weigh well ovei 300 pounds and to be over six feet 
tall, the celiac ganglia weie found to be among the smallest 111 our collection 

Fig I Fig 2 



Fig 3 Fig 4 

Fig I — I eft gmghon 1,466 mg Right ganglion 1,082 mg Patient I W , age 50 BP 138/84 
Diagnosis Gangrene of leg 

Fig 2 — Left ganglion 1,284 me Right ganglion 1,037 mg Patient H L , age 67, B P 130/70 
Diagnosis Pneumonia 

Fig 3 — Left ganglion 1,330 mg Right ganglion 1,1 13 mg Patient A P age 50, B P 120/80 
Diagnosis Pneumococcus meningitis 

Fig 4 — Left ganglion 1,984 mg Right ganglion 1,968 mg Patient L G age 55, B P 120/80 

Age appealed to be quite impoitant m determining the size of the celiac 
ganglia An examination of Charts i and 2 readily shows that theie is an 
mciease in weight of the celiac ganglia fiom birth to the 40- to 55-year-old 
gioup Aftei the age of 55, theie tends to be a progiessive deciease in the 
weight of the celiac ganglia In the newborn, teim infant, the aveiage weight 
of the left celiac ganglion varies fiom 75 to 150 mg, and the light celiac 
ganglion neighs 50 mg From infancy to the age of puberty, a piogiessive but 
not lemaikable mciease 111 the weight of the celiac ganglia can be noted (see 
tabulated case lecoids) At the age of pubeity, theie appeals to be a remark- 
able increase in the size of the celiac ganglia fiom the childhood to adult 
levels of weight The ganglia in the 20- to 30-yeai-old gioup langed from 400 
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to 900 ing Onl}^ one ganglion in this age-gioup weighed as much as 1,400 mg 
In the 30- to 40-yeai-old gioup, the geneial aveiage of the weight of the ganglia 
was found to be about the same as m the pievious age-gioup The general 
aveiage foi this group was 814 mg foi the left ganglion, and 723 mg for the 
light ganglion The 40- to 50-yeai-old gioup had the laigest-sized celiac 

Fig 5 



Fig 6 Fic 7 

Fig 5 — Photomicrograph of small celiac ganglion (X20) Note the small amount 
of extraneous tissue about the ganglion 

Fig 6 — Photomicrograph of large celiac ganglion (X15) Note the small amount 
of extraneous tissue about the ganglion 

Fig 7 — Photomicrograph of celiac ganglion showing characteristic histologic appear 
ance of human celiac ganglion, i e , groups of ganglion cells with dendritic fascicular 
tracts (high power) 

ganglia In this group, the large-sized ganglia, not infrequently, weighed over 
2,000 mg It would seem that the celiac ganglia leach their maximum size 
during this decade Following the 65-year-old group there appears to be a 
definite decline in the weight of the celiac ganglia One of the smallest ganglia 
m our senes was removed fiom a patient age 81 

The sex of the patient appears to account for a demonstrable weight dif- 
feience The average weight of the male celiac ganglion is greater than that 
of the female The average weight of the left celiac ganglion in males was 
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found to be 1,140 5 mg , and the aveiage weight of the left celiac ganglion in 
females was 779 mg The aveiage weight of the light celiac ganglion in the 
male was 894 3 mg, and that of the light celiac ganglion 111 females was 561 
mg The laigest celiac ganglion in om senes was found 111 a man It weighed 
2,100 mg The largest celiac ganglion lemoved fiom a woman weighed 1,461 
mg 

Relationship befzveen the Weight of the Celiac Gangha and Essential Hy- 
po tension — One of the foiemost exponents of the suigical tieatment of essen- 



Chart 1 — Dngnosis Pneumonn Scnttergram plotting the weight of the celiac ganglia against the age 

of the patient 


tial hypertension (Ciile) bases his etiologic concept upon the premise that, 
“the celiac ganglion is laigei in the individual with essential hypei tension than 
in the nonhypertensive ” He quotes the weight of the left ganglion as being 
1,015 m hypei tensive individuals, and that of the light as being 669 mg, 
wheieas the average noimal ganglionic weight was only 350 mg If it is tiue 
that the celiac ganglia aie laigei 111 individuals with essential hypertension than 
they are in nonhypertensives, then the operation of celiac ganghonectomy, based 
upon the above premise, is justifiable If it is not tiiie then the whole hy- 
pothesis has no basis since its premise is false 

Method — 'With the idea of substantiating Crile’s statements as to the 
weight of the celiac ganglion, we collected a laige numbei of celiac ganglia 
Our gangha weie all lemoved fiom autopsy material as soon after death as 
possible The celiac gangha weie identified by following the greater 
splanchnic neive at its point of emeigence fiom behind the crus of the 
diaphiagm The terminal centimeter of the gi eater splanchnic nerve was 
lemoved with the celiac ganglion for pui poses of identification, as can be 
leadily noted m Figuies 1—4 The gangha weie cut flush with the point of 
attachment of the gi eater splanchnic nerve, as we considered everything below 
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this point to be aorticoienal ganglion After the removal of the ganglia, they 
weie thoioughly dissected free of all extraneous mateiial, and were then 
weighed on a fine balance inclosed m a glass case, and the weighing was 
cairied to the milhgiam Seveial ganglia were seiially sectioned and micro- 
scopically examined to note the amount of extraneous tissue present Figures 
5 and 6 show the veiy small amount of extianeous tissue piesent after the 
dissection After the ganglia had been removed, some of the earlier ones had 
been put into a bottle of lO per cent formalin and suitably labelled as to right 
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Chart 2 — Scattergnm plotting the total ganglionic weight obtTined bv adding the weights of the 
left and right celiac gangli 1 against the age of the patient The total ganglionic weight reported in Ins 
h>pertensi\e group w is 1,682 mg (Crile ) 

01 left Side These ganglia were not dissected clean oi weighed for five 
weeks In ordei to determine whether the fixation in foimahn would add 
mateiially to the ganglionic weight, thiee of the ganglia were weighed in the 
fresh state immediately after removal and dissection, and were then weighed 
at varying intervals of time subsequently By so doing, we found that the 
celiac ganglia increased in weight for the first week During this period of 
time between 15-20 mg of weight was added to the oiigmal weight of the 
fresh ganglion Aftei the fiist week, however, theie was a progressive loss 
of weight, such that by the end of the fifth week the celiac ganglia weighed 
from 25-40 mg less than they did in the fiesh state 

It IS thus apparent that the celiac ganglia do not gam weight when immersed 
in formalin aftei the fiist week Since the ganglia in our series were either 
weighed immediately after the autopsy or five weeks latei, it is apparent that 
we are being conservative m determining the tiiie celiac ganglionic weight 
since we did not add the known loss of weight to the resulting weight obtained 
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at the end of five weeks’ fixation The celiac ganglionic weights obtained in 
our series of ganglia weie all nnifoimly highei than those obtained at the 
Cleveland Clinic The small tag of gi eater splanchnic nerve v-hich we per- 
mitted to 1 email! attached to the celiac ganglia does not add materially to the 
final lesiilt, and, ceitainly, does not account foi the wide diffeience between 
our lesults and those of the Cleveland Clinic 

Results — An attempt was then made to coi relate the si2e of the celiac 
ganglia with the blood pressiiie of the patient in order to determine whether 
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Chart 3 — Scattergram plotting the total ganglionic weight against the 
s\stolic blood pressure Note that the total ganglionic weight reported in 
Cnle’s hypertensive group was 1,682 mg 
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theie was really an increase in size of the celiac ganglia in hypertensive indi- 
viduals An examination of Charts i, 2, and 3 furnishes adequate evidence 
that the vast majority of the large ganglia weighing in the neighborhood of 
1,000 mg , or more, were well within the noimal blood pressure range, and 
that m the hypertensive group the celiac ganglionic weights were actually 
somewhat less than in the nonhypertensive group The laigest ganglion col- 
lected weighed 2,100 mg , and was found in a nonhypertensive individual, 
whereas the largest ganglion found m an hypei tensive individual weighed 
1,250 mg Both these ganglia were on the left side The right celiac ganglion 
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that was the largest lu the nonhypei tensive gioup weighed 1,950 mg, while 
the heaviest right celiac ganglion in the hypei tensive group weighed 1,225 mg 
On Figure 5 a cioss-hne, indicating the level which the Cleveland Clinic 
considers to be the noimal celiac ganglionic weight in the nonhypei tensive 
group (350 to 400 mg ), IS seen to be far below the average weight of the 
celiac ganglia m oui nonhypei tensive group Practically all of the celiac 
ganglionic weights in the nonhypertensive group m oui series of 200 ganglia 
fall well within the range of ganglionic weights quoted by Crile as character- 
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Chart 4 — Gnphic presentTtion of tlie a\enge weight of the 
left and the right celiac ganglia in our senes of hypertensive and 
nonhj perteiisn e individuals as compared a\ith Crile s results for 
the same groups 

izing the hypertensive gioup Chait 4 is a giaphic representation of the 
average weight of the left and right celiac ganglia m our series of cases in the 
nonhypertensive group and m the hypertensive group, in comparison with 
the statistics quoted by Crile foi the same two groups in his series A survey 
of this shows that the average weight of the left celiac ganglion in our non- 
hypertensive gioup was 968 4 mg , and the average weight of the right celiac 
ganglion m our nonhypertensive group was 745 mg The aveiage weight of 
the left celiac ganglion m our hypertensive group was seen to be 867 9 mg , 
and the average weight of the right celiac ganglion in the hypertensive group 
was found to be 674 4 mg 

These results, when considered m the light of the diffei ence m the numbers 
of cases in each group, leveals a startling uniformity of result It becomes 
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quite obvious that the hypei tensive gioup do not have laigei celiac ganglia 
than the aveiage normal nonhypei tensive m the same age-gioup, and also that 
the aveiage noimal ganglionic rv eight is fai gi eater than that quoted by Ciile 
The amazing equality of ganglionic weights in oui gioup of noimal individuals, 
and in Crile’s gioup of hypei tensive individuals can mean only one thing — 
that IS, that theie is no diffeience m the celiac ganglionic weight in the non- 
hypei tensive and m the hypei tensive individual, and that oui equality in the 
aveiage weights obtained m both gioups meiely lepiesents the mean aveiage of 
the celiac ganglionic weights on the left and light side in all individuals, irie- 
spective of the pi esence oi absence of hypei tension 

SUMMARY AND CONCLUSIONS 

(1) The gieatei splanchnic neive unites Mith the celiac ganglion at the 
postero-mfei o-extei nal angle (of the ganglion) and not at the upper pole as 
forineily stated 

(2) The celiac ganglia vaiy gieatly in size and shape No two ganglia 
have exactly the same shape The point of union of the greatei splanchnic 
neive with the loiiei pole of the celiac ganglion, we considered as being the 
lower limits of the celiac ganglion piopei, eveiything below this point, ve 
called the aorticorenal ganglion 

(3) The celiac ganglia increase in size fiom hiith until the age of 40 to 55 
years In this age-group, the celiac ganglion appeals to attain its maximum 
size and weight Aftei this is a giadual decline of the ganglionic weight to a 
level that, in the octogenaiians, is near the childhood level 

(4) The left celiac ganglion is uniformly larger than the right 

(5) There is a definite difference in the sizes of the celiac ganglia in the 
two sexes The largest ganglia weie found in the male sex 

(6) There is no con elation between the weight of the celiac ganglion and 
essential hypertension The aveiage weight of the celiac ganglion in the 
hypertensive group was somewhat less than the aveiage weight of the ganglia 
in the nonhypertensive group This was undoubtedly due to the difference 111 
the number of cases m each group 

(7) Our average weight of the left celiac ganglion in the nonhypertensive 
group was 969 mg This coincides closely with the aveiage weight of the 
left celiac ganglia lemoved by Crile surgically fiom hypertensives (1,015 mg ) 

(8) The average weight of our light celiac ganglia in the nonhypertensive 
gioup was 745 mg This was somewhat higher than the weight of the right 
celiac ganglion reported by Crile for his hypertensive gioup (667 mg ) 

(9) The total ganglionic weight in Crile’s hypertensive group was 1,682 
mg , whereas the total ganglionic weight m our nonhypertensive group was 
1,714 mg The total ganglionic weight represents the sum of the weights of 
the left and the right celiac ganglia in each individual 

(10) From the pieceding data, we feel that new standards of weight for the 
celiac ganglia should be established , and that there is no relationship between 
the weight of the celiac ganglion and essential hypertension 
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Age m 

Left 

Right 


Blood 


Name 

Years 

in Mg 

in Mg 

Sex 

Pressure 

I 

B M 

8 

400 

281 

M 

250/158 

a 

M H 

13 

313 

207 

F 

1 I 5 / 7 S 

3 

J L 

15 

74s 

943 

r 

144/80 

4 

L G 

16 

I 461 

SI 4 

F 

120/80 

5 

E 0 

21 

834 

48s 

F 

120/80 

6 

J c 

22 

SSI 

691 

F 

100/60 

7 

S S 

22 

I 13s 

S64 

M 

120/80 

8 

M H 

24 

928 

428 

F 

126/78 

9 

W K 

24 

1,252 

1,021 

M 

180/120 

10 

W C 

2 S 

86s 

929 

M 

132/88 

II 

W F 

26 

730 

600 

F 

100/70 

12 

J F 

29 

I 026 

628 

F 

130/80 

13 

M L 

26 

40s 

3 S 8 

F 

120/80 

14 

H P 

31 

913 

864 

F 

128/80 

IS 

G L 

28 

816 

767 

F 

110/70 

i6 

J R 

26 

S68 

46s 

F 

140/93 

17 

R R 

32 

722 

682 

M 

120/80 

18 

W D 

32 

832 

704 

M 

100/60 

19 

E G 

32 

765 

594 

F 

102/60 

20 

M R 

32 

3 S 3 

270 

F 

130/80 

21 

S R 

33 

I 226 

748 

r 

iao/75 

22 

P L 

3 S 

702 

596 

r 

101/78 

23 

E F 

36 

39 S 

S 90 

F 

120/80 

24 

L L 

37 

I 073 

I 224 

M 

16S/110 

as 

S M 

38 

8 S 2 

605 

F 

110/70 

26 

L D 

38 

I 047 

871 

M 

128/80 

27 

F J 

39 

I 340 

I 333 

M 

lSO/90 

28 

F L 

39 

371 

32s 

F 

170/130 

29 

G D 

41 

1,236 

67 s 

F 

134/80 

30 

N 0 

41 

600 

392 

F 

110/60 

31 

T B 

41 

1,471 

882 

M 

150/70 

32 

1 E 

42 

837 

60s 

F 

220/100 

33 

H B 

4 S 

9 SS 

945 

M 

130/80 

34 

S S 

43 

6 S 3 

S 32 

r 

125/80 

3 S 

C P 

4 S 

826 

747 

M 

120/80 

36 

M B 

4 S 

1,216 

I lOI 

M 

170/90 

37 

Z I 

4 S 

I 102 

1,170 

M 

100/68 

38 

A K 

46 

1,120 

420 

M 

129/86 

39 

M D 

46 

1,112 

701 

P 

lSO/70 

40 

A F 

46 

700 

4 S 0 

r 

90/65 

41 

W S 

47 

8 S 7 

792 

M 

120/80 

42 

0 G 

48 

l,S 94 

836 

M 

140/70 

43 

P M 

49 

2 005 

I 316 

M 

130/80 

44 

P C 

49 

432 

405 

P 

134/82 

43 

C W 

SO 

696 

457 

M 

240/130 

46 

F F 

SO 

2,100 

1,870 

M 

130/80 

47 

J P 

48 

1,121 

680 

M 

120/80 

48 

L L 

SO 

I S 70 

~ 

M 

125/80 

49 

M B 

SO 

9 S 6 

844 

M 

130/80 

SO 

L W 

SO 

1,466 

1,082 

M 

138/84 

SI 

A P 

SO 

1,330 

1,113 

F 

120/80 

S 2 

E E 

SI 

894 

613 

M 

200/120 

S 3 

A B 

SI 

906 

860 

M 

100/60 

S 4 

T B 

S2 

1,441 

944 

F 

104/88 

S 5 

R L 

S 2 

973 

47 S 

M 

14S/90 

S6 

H M 

so 

887 

S 34 

F 

150/84 

S 7 

B R 

S 4 

S14 

362 

F 

180/100 

S8 

G W 

S 4 

622 

470 

F 

130/80 

S 9 

E H 

S 4 

790 

76s 

P 

120/84 

60 

L G 

ss 

1,984 

I 968 

M 

120/80 

61 

E Z 

ss 

96s 

612 

F 

110/70 

62 

M G 

ss 

961 

808 

F 

210/100 
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IN 10 1 CADAVERS 

Diagnosis 
Polycvstic kidneys 
Diabetic coma 
Rheumatic pancarditis 
Miliary tuberculosis 
Tuberculous peritonitis 
Bacterial endocarditis 
Peritonitis 

Intestinal obstruction 
Chronic nephritis with uremia 
Tuberculous meningitis 
Pentomtis 

Postpartum hemorrhage 
Acute pancreatitis 
Puerperal sepsis 
Septicemia 
Degeneration of liver 
Mesenteric thrombosis 
Lung abscess 
Peritonitis 
Pneumonia 
Subphrenic abscess 
Carcinoma of breast 
Lobar pneumonia 
Intestinal obstruction 
Angiosarcoma 
Brain abscess 
Brain tumor 
Brain tumor 
Peritonitis 

Bacterial endocarditis 
C N S syphilis 

Chronic nephntis with uremia 

Bactenal endocarditis 

Carcinoma uterus 

Myocarditis 

Cerebral hemorrhage 

Pneumonia 

Pennephntic abscess 

Acute thyroid crisis 

Bacterial endocarditis 

Cirrhosis of liver 

Pyonephntis 

Pentomtis 

Carcinoma of cervix 

Nephrosclerosis with uremia 

Pneumonia 

Bactenal endocarditis 

Pneumonia 

Leukemia 

Gangrene of leg 

Pneumococcus meningitis 

Pontine hemorrhage 

Lung abscess 

Cardiac failure rheumatic heart 
disease 
Leukemia 

Carcinoma of cervix 
Carcinoma of liver 
Acute pancreatitis 
Carcinoma of sigmoid 
Lobar penumonia 
Lobar pneumonia 
Ovarian hemorrhage 
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Age m 

Left 


Nnme 

Years 

m Mg 

63 

E 

C 

55 

76S 

64 

G 

H 

S6 

715 

65 

R 

S 

Sb 

1.115 

66 

C 

A 

S8 

763 

67 

L 

K 

56 

S 3 1 

68 

E 

P 

5S 

687 

69 

H 

C 

ss 

706 

70 

P 

H 

59 

963 

71 

L 

B 

59 

868 

73 

A 

iM 

59 

59b 

73 

M 

V 

60 

713 

74 

H 

C 

60 

1 . 13 s 

75 

A 

Y 

61 

86s 

76 

F 

G 

63 

777 

77 

G 

P 

64 

1 , 200 

78 

D 

G 

64 

950 

79 

M 

Z 

64 

633 

80 

A 

H 

6s 

1,090 

81 

A 

A 

6S 

1 , 124 

82 

S 

S 

66 

1,24s 

83 

J 

B 

66 

1 . (b? 

84 

H 

I 

67 

1.28} 

85 

A 

P 

67 

724 

86 

S 

L 

68 

Ssb 

87 

A 

S 

70 

63s 

88 

J 

C 

70 

1,485 

89 

L 

C 

72 

745 

90 

J 

T 

72 

1,028 

91 

K 

S 

75 

b3S 

92 

R 

P 

75 

1,032 

P 3 

A 

F 

75 

783 

94 

M 

P 

75 

1,921 

95 

A 

P 

76 

063 

96 

M 

S 

76 

897 

97 

J 

R 

79 

1,195 

98 

H 

H 

79 

894 

99 

S 

W 

81 

317 

100 

R 

B 

81 

1,152 

lOI 

L 

T 

82 

7 b 3 


1 All! U I 

{ConIniHtd) 

Right 


Blood 

m Mg 

Sc\ 

Pressure 

590 

M 

128/80 

235 

F 

160/jio 

941 

F 

122/78 

3S0 

F 

ios/70 

432 

r 

210/11S 

693 

F 

120/80 

678 

F 

125/80 

1,008 

iM 

180/120 

701 

r 

190/110 

435 

F 

180/140 

57b 

r 

120/70 

S65 

M 

190/120 

832 

M 

130/80 

677 

M 

iiS/84 

1 ,06s 

M 

140/88 

5bo 

F 

125/75 

108 

M 

140/90 

017 

M 

140/80 

I.OOS 

M 

140/00 

706 

r 

14S/82 

854 

M 

130/90 

1,037 

M 

130/70 

672 

r 

104/60 

569 

M 

145/86 

O79 

M 

120/70 

l.lbl 

M 

140/80 

bSl 

r 

iSo/So 

897 

iM 

160/104 

sss 

r 

130/84 

153 

r 

210/120 

527 

r 

180/100 

1,324 

M 

130/80 

2b7 

F 

192/110 

828 

M 

110/70 

SSI 

M 

118/80 

445 

M 

100/60 

234 

r 

130/80 

I, 0 S 2 

M 

136-78 

87b 

M 

165/90 


Diagnosis 

Bronchogenic carcinoma 
Pulmonary embolus 
Pneumonia 

Myelogenous leukemia 
Cerebral hemorrhage 
Pneumonia 

Postoperativ e peritonitis 
Coronary occlusion 
Peritonitis 

Nephrosclerosis, with uremia 
Carcinoma of stomach 
Coronary occlusion 
Lobar pneumonia 
Tuberculous kidney 
Carcinoma ot bladder 
Carcinoma of ovary 
Cerebral hemorrhage 
Cardiac failure, aortic stenosis 
Chronic nephritis 
Myocardial failure, arterioscler- 
otic heart disease 
Aortic stenosis 
Pneumonia 

Carcinoma of pancreas 
Pyonephritis 
Lobar pneumonia 
Carcinoma of prostate 
Cardiac failure, arteriosclerotic 
heart disease 
Coronary occlusion 
Pneumonia 

Cardiac failure, essential hyper- 
tension 

Carcinomatosis 
Coronarj occlusion 
Cardiac failure, essential h>per- 
tension 

Carcinoma of liver 
Carcinoma of pancreas 
Abscess of kidney 
Ovarian hemorrhage 
Cystic liver 

Cardiac failure, arteriosclerotic 
heart disease 


The author wishes to express his appreciation to Dean Edgai Non is for his many 
helpful suggestions and guidance duiing the couise of this study 
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MALIGNANT TUMORS OF SYNOVIAL ORIGIN 
Crenshaw D Briggs, M D 

■\YAbHlNGTON, D C 

During the last decade, and paiticiilarly the last thiee yeais, a small gioup 
of mvestigatoi s has endeavored to add to oui very limited knowledge of 
malignant tumois which take their oiigm fiom the synovial-lmed structures, 
namely, joints, buisae and tendon sheaths This field has too long remained 
neglected by pathologists Owing both to the lelative mfiequency of these 
tumors and, what is more likely, the failuie to classify them properly, the 
number of cases repoited has been small It has been difficult, theiefoie, 
to draw any conclusions as to the most satisfactoiy method of ti eating them 
This repoit is based on the cases on file at the Army Medical Museum upon 
which the diagnosis of synovioma has been made Its pin poses are to inciease 
the present small numbei of pi eviously reported synoviomata, to point out the 
microscopic pathology charactei istic of the majority of these cases, and to sug- 
gest a plan of tieatment which, in the light of oui limited knowledge, seems 
both rational and conservative Where the material has been received from 
physicians in civilian practice, it has been impossible in some instances to ob- 
tain an adequate description of the gioss pathology as well as a complete 
history and follow-up 

This study tieats only with those tumois arising fiom the joint capsule, 
bin sal wall oi tendon sheath which are malignant, or border-line, and does 
not include the more common giant cell tumor or xanthoma which may arise 
from either of the thiee stiuctures The term synovioma was first coined by 
Lawrence SmitlA to designate those tumois arising fiom all thiee synovial- 
lined structures This marked a departuie from the old method of classifying 
these new growths separately The eailiei leports weie fuithei clouded by 
the confusion surrounding the actual oiigin of synovial tissue For a ‘long 
time It was held to be endothelial in chaiacter and, on this basis, tumois aiis- 
ing from these structures were designated as endothelial sarcoma, angio- 
sarcoma, and endothelioma The synovial membrane is now generally 
accepted as mesenchymal m oiigin It may be divided into two parts his- 
tologically — ^the outer wall, which is composed of dense connective tissue 
known as the fibious layer, and the inner or synovial layei, which is more 
cellulai and thought by many to seciete the viscid coloiless liquid of the joint 
cavity The transition between the two layers is not well delineated and 
most investigators believe that these moie cuboidal cells of the inner lining 
are only a more highly dififei entiated foiin of the connective tissue cells form- 
ing the outei laj'^er This inner layer is not infiequently thrown into pro- 
nounced folds which may be tempoiaiy foimations depending upon the posi- 
tion of the joint, oi thej'' may form permanent villi which project into the 
cavity Sjiecial emphasis is made at this point of the not uncommon tendency 
to villous foiination Later it will be shown that the majorit}’’ of cases in 
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this series present a pathologic pattern which might well be described as a 
distorted attempt at vilh formation 

As early as 1910, Lejars and Rubens-DuvaP made the first real contribu- 
tion to the classification of these tumors According to these writers, there 
may be two types of malignant tumors arising from these stiuctures depend- 
ing upon what part of the capsule or tendon sheath the tumor takes its origin 
If the cells develop fiom the fibrous layei, one cannot distinguish the tumor 
microscopically from the common fibrosarcoma, but if it arises from the inner 
layer whose cells, as noted previously, are more epithelioid in character, the 
pattern may strongly suggest synovial tissue as the origin of the tumor It 
behooves the suigeon, theiefore, to make caieful note of the anatomic relation- 
ship of the tumor at the time of operation, as this may be of material aid in 
differentiating between the fibrous type of synovial tumor and the more com- 
mon fibrosarcoma It is probably because of this failuie that all of the cases 
of this senes belong to the second or synovial gioup, and undoubtedly those 
arising from the fibious layer weie simply classified as fibrosarcoma 

In making the diagnosis m the nine cases compiising this senes, the his- 
tory, clinical features and pathologic appearance have all been taken into 
consideration In practically every incidence there has been uniformity of 
opinion among the pathologists to whom sections were submitted, otherwise 
the case was not included 

Incidence — The study of pieviously reported cases of synovioma discloses 
a tendency for this type of tumoi to occur between the third and fifth decades 
With one exception, this was home out m this series The age of two cases 
was 17, and the remaining seven were between 21 and 42 Four were male, 
and five were female All of the patients in this senes were white 

Dwafion of Symptoms — In this entire gioup of cases, swelling was the 
initial symptom The time interval from the discoveiy of the swelling until 
medical consultation vaiied fiom three months to six yeais, the average being 
approximately two years This, m itself, would indicate that pain was not an 
outstanding feature 

Pam — Five of the nine cases complained of pain at the time of their first 
examination In only one, however, was it described as severe 

Tiauma — A history of previous injury to the affected part was obtained 
from three patients, but in each it was relativel}'^ mild The earliest develop- 
ment of a tumor following injury was three months 

Tumoi — The size of the swelling on examination vaiied between that of 
an olive and a hen’s egg It is interesting to note that in five cases the char- 
acter of the tumor was desci ibed as cystic 

Location — The tumoi s occurred most fiequently in a lowei extremity Five 
developed about the knee, two arose from the 1 egion of the external malleolus, 
and one was located on the plantai surface of the foot The remaining case 
originated on the light forearm neai the elbow 

Roentgenogi aplnc Examination — Roentgenogiaphic studies revealed the 
shadow of a soft tissue tumor, but no bone involvement in any of the cases 
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Opeiahve Fmdmgs —Unioitumtely, in the majority of the cases the 
descriptions of the operative findings weie veiy meager Of the nine cases, 
three were repoited as being encapsulated giossly In, three instances, the 
attachment to tendon sheaths was noted The tumor, m one case, completely 
filled the suprapatellar and popliteal bursae and invaded the joint cavity at 
two points Although the microscopic sections m a majority of the cases 
would indicate the rather vascular natuie of the tumors, no observations weie 
made at operation which would bear this out Two cases were of particular 
“interest in that the tumor lemoved at fiist opeiation was reported as a benign 
cyst 

G70SS Pathology — The gross examination of the specimens revealed one 
uniform finding — m all there was a tendency to cyst formation In some, 
however, it was very pronounced, wheieas m others this feature was less 
marked The cysts contained either straw-colored or bloody fluid and one 
might suspect that the tumor cells continue the highly specialized secietoiy 
function of the parent synovial cell 

In general, the tumor was described as being pooily encapsulated, although 
as previously noted theie was a definite capsule in three cases The tumoi 
itself was usually lobulated and soft in consistency In one instance whei e the 
tumor was quite large, theie were gross areas of neciosis Their color varied 
fiom a grey to a faint yellow In the one case where a metastatic inguinal 
nq.de was removed foi study, its gioss appeal ance confoimed to that of the 
' oiiginal tumor 

Mia oscoptc Pathology — The stiikmg similarity in the histologic pattern 
of the majority of the cases herein leported should demand special emphasis 
Since 1910, when Lejars and Rubens-Duval first classified malignant joint 
tumors, observers have noted, from time to time, the pectiliai epithelioid-like 
cuboidal cell which is so chaiacteristic of these tumoi s They have pointed 
out their probable relationship to the mesothelial lining cells of the joint cavi- 
ties, bursae and tendon sheaths Here, howevei, their analogy has stopped 
This investigator was struck by the tendency of these tumoi s to form a papil- 
lary pattern which is not unlike the papillaiy pi ejections found m villous 
aithritis It is haidly possible that there is any etiologic association, yet, in 
synovioma we seem to have an attempt to foim villi In six of the nine cases 
of this group this pattern is found throughout the entiie tumoi, while iii 
the others, although present, it is only seen in part of the section Frequently 
the small cysts noted in the gross reveal, on microscopic examination, papillary 
buds projecting into the cyst lumma The central portion of the papillary 
projections is composed of a stroma of fairly typical fibroblasts Blood vessels 
are numerous This central fiamework is covered by a layei of cells of a 
more cuboidal type with laige vesicular nucleus and acidophilic cytoplasm 
The thickness of this layer may vaiy from one to three cells, but there is no 
sbaip line of demai cation between these laiger cells and the more fibroblastic 
cells which foim the stroma In the spaces between the pi ejections, there 
may be cleai pmk-stammg fluid, and often hemorrhage is present Where the 

415 



CRENSHAW D BRIGGS 


Annals of Surgery 
^laicli 1942 


cells are more densely packed and the papillary formation is absent, the two 
types of cells desciibed above may be found l3nng' in adjacent bands Mitotic 
figures aie present but not numeious 


CASE REPORTS 

Case I — Acc 46896 E D , a white, female, age 17, with synovioma in the region 
of the external malleolus of the right ankle 

Hisfoiy — In 1933, four months before 
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admission to the hospital, the patient re- 
ceived a mild blow on the external surface 
of her right ankle No significance was 
attributed to the injury until a small lump 
developed at this site It was described as 
soft and cystic, approximating the size of 
an olive Following excision by her phy- 
sician, the wound failed to heal until the 
patient was given roentgenotherapy four 
months later In 1934, there was a local 
recurrence of the tumor A biopsy, made 
at this time, was reported as an angio- 
sarcoma Under further roentgenotherapj , 
the tumor again disappeared only to return 
again a j ear later 

Evamnialtoii — At the site of the opera- 
tion there were several small pea-size 
nodules which were soft in consistency 
These appeared to be adherent to the skin 
There was no swelling of the joint itself In 
the right inguinal region, there was an en- 
larged Ij mph node the size of a hen’s egg 
Opoation — Excision of inguinal node 
Pathologic Repot f — Maci oscopic A 
soft oval tumor about 4x3x2 cm , which on 
section showed a pale grey homogeneous surface with small cystic areas containing blood 
Mtci oscopic A richly cellular tumor which for the most part is composed of closely 
packed polyhedral cells with large vesicular nuclei Mitotic figures are common There 
are several areas of hemorrhage and necrosis Numerous small cysts are present which 
are lined *by cuboidal cells and show papillary projections 

Subsequent Histoiy — Patient received extensive roentgenotherapy to right ankle and 
inguinal regions In 1936, examination disclosed an ulcer at the site of the original 
lesion Two years later she developed evidence of pulmonary metastases, and died April, 
1938 No autopsy was obtained 

Case 2 — Acc 37019 E A , a white, female, age 45, with synovioma in the region 
of the attachment of the biceps femoris tendon 

Histoiy — Four years prior to her admission to the hospital, the patient first became 
aware of a swelling on the lateral surface of her left leg just below her knee There 
was no history of previous trauma The growth slowly increased in size until it was 
as large as a hen’s egg It was moderately painful to pressure 

Examination — A smooth, soft tumor, 6x4x4 cm, was found on the lateral surface of 
the leg about the level of the head of the fibula The tumor seemed attached to the 
deep structures, but the skin over it was freely movable There was no swelling of the 
joint Some tenderness could be elicited on moderate pressure over tbe tumor Roentgen- 
ograms showed no evidence of bone involvement 
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Opoahou — March, 1932, a tumor, which seemed to anse from the biceps femons 
tendon, was excised 

Pathologic Repot t—Macioscopic A well encapsulated, firm tumor which on section 
appeared to be lobulated There were no cystic areas present The cut surface was a 
dull grey with occasional areas of hemorrhage Mici oscopic A rather vascular tumor 
which displays mainly two types of cells with a marked tendency to papillary formation 
(Fig i) The fibroblastic or spindle-shaped cell seems to form a basement membrane 
for these projections, and the more cuboidal type of cell comprises the outer layer which 



Fig 2 — Cuse 2 The Insenient membrane of fibroblasts coxered 
b> the moie tjpical cnboidal cell (X400) 


vanes from one to four cells in thickness (Fig 2) These cells show a vesicular nucleus 
Some of the spaces between the papillary projections are filled with hemorrhage 

Subsequent Hxstoiy — Following operation, the patient leceived intensive roentgeno- 
therapy at the Walter Reed Hospital In June, 1939, seven jears after discharge from 
the hospital, the patient reports that she is well and has had no evidence of a local re- 
cinrence of the tumor 

Case 3 — Acc 39605 M D , a white, female, age 30, with synovioma developing 
on the plantar surface of the left foot 

Histoiy — In 1930, the patient had what was thought to be a simple benign cyst ex- 
cised from the plantar surface of the left foot The duration of symptoms prior to this 
operation was not given, but two and one-half 3"ears after it a swelling developed at the 
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site of operation and slowly increased in size causing local pain and discomfort on 
walking 

Evaimnahon — On the plantar surface of the left foot lying beneath the scar of a 
previous operation, there was a flattened, lobulated tumor ]ust proximal and lateral to 
the base of the great toe It was not attached to bone or to the overlying skin Roentgen- 
ologic examination was negative 

Opoatton — March 3, 1933, a lobulated nonencapsulated tumor, 3x15x15 cm, was 
excised from the region of the base of the great toe It lay beneath the plantar fascia 

Pathologic Repoit — Maci oscopic No description given Mto oscopic The picture 
presented here is identical to that of Case 2 Charactei istically, the epithelioid type of cell 
IS found overlying those more spindle in appearance The papillary structure is equally 
pronounced (Figs 3 and 4) 



Fig 3 — Case 3 S>noMonia \\ith the tjpical Fic 4 — Case 3 High maginfication to show 

papillomatous pattern (Xioo) aillouslike stiucture so ch ir ictenstic of the entire 

tumor (X500) 


Subsequent Histoiy — Following operation, the patient recened a course of roentgeno- 
therapy, but in 1935, two years later, the tumor recurred and grew rapidly At reopera- 
tion It was found to involve most of the tendon sheaths on the plantar surface of the 
foot Further roentgenotherapy was given, with onlv temporary benefit, and, in 1937, 
the foot was amputated because of extensive ulceration of the plantar surface Two 
months later she developed an inguinal mass Her course from this point was steadily 
downhill, with death from pulmonary metastases in December, 1938 

Case 4 — Acc 60073 V S , white, female, age 22, with sa novioma developing in 
the region of the left ankle 

History — Two and one-half years before admission to the hospital, the patient fell, 
striking her left ankle A slight swelling, which was not particularly painful at first, 
developed several months later and at the end of two years it had increased noticeably 


in size 
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Case 5 — Acc 50530 W V , a white, male, age 45, witli a synovioma of the left 
thigh five inches above the knee 

Histoiy — In 1933, the patient first noticed a swelling on the medial surface of his 
left thigh just above the knee The tumor at this time was about the size of a half dollar 
and seemed to be superficial It grew gradually until two weeks before admission to the 
hospital when it appeared almost to double its size m ten days This was accompanied 
by some pain which radiated down his leg No history of previous injury could be 
obtained 

Examination — On the medial surface of the left thigh, five inches above the knee, 
there was a mass the size of a hen’s egg which was firm, warm, somewhat tender, and 
apparently not fixed to the skin 01 underlying tissues Roentgenograms were negative 
except for soft tissue swelling 

Opciafion — On June 29, 1936, the tumor was found to have invaded the popliteal 
space and to surround the femoral vessels A diagnosis of fascial saicoma was made 
and immediate midthigh amputation was performed 

Pathologic Rcpoit — Maci oscopic A large oval, lobulated mass with attached muscle 
and fat, which measured 11x9x8 cm The tumor was not well encapsulated and its sec- 
tional surface was variable in appearance Some of the lobules were soft, homogeneous 
and grey, while others were yellow No definite cysts were described The centers of 
some of the lobules weie almost caseous in consistency Mici oscopic Both typical types 
of cell are present m the sections studied, but the epithelioid type predominates So closely 
packed are they in some places that the usual pattern is missing Elsewhere, however, 
a papillary arrangement is presented In several areas the cuboidal-shaped cells form 
acinous-like structures which contain pmk-staining material Mitotic figures are frequent 
and in some areas there are small clumps of foam cells Where the margin of the tumor 
IS shown, it IS obviously invasive 

Subsequent Htstoiy — The patient has been seen at legular intervals since his opera- 
tion At his last examination, January 24, 1939, he complained of pain in his stump, but 
theie was no evidence of local or distant metastases 

Case 6 — Acc 40595 C K , white, male, age 17, with a synovioma arising on the 
left forearm near the elbow 

Histoiy — Four months prior to admission to the hospital, the patient noticed a pain- 
less swelling on his left forearm that rapidlv increased in size 

Examination — A soft, well circumscribed, cist-hke mass the size of a hen’s egg 
which, before operation, was diagnosed as a benign cyst 

Opeiation — Local excision, June, 1933 

Pathologic Rcpoit — Haci oscopic An irregular lobulated mass which was thought 
by the operator to arise from a tendon The tumor was poorly encapsulated It was 
yellow in color and contained numerous small cystic areas filled with clear fluid Micro- 
scopic The tumor, which is extremely cellular, is composed of interlacing bundles of 
plump spindle cells There is a tendency to cyst formations which are lined by a more 
cuboidal-shaped cell Conspicuous m some of these small cyst cavities are papillary 
proj ections 

Subsequent Histoiy — The patient received a short couise of postoperative radiation 
A year later, June, 1934, a recurient mass the size of a large cherry was excised It 
presented the same pathologic appeal ance as the original tumoi He has been examined 
yearly, and, m January, 1939, was reported well, without evidence of local or distant 
metastases 

Case 7 — Acc 43768 E H , white, female, age 35, with a synovioma involving 
the right knee 

Histoiy — Seven years before admission to the hospital, the patient struck the outer 
surface of her right knee The area remained sensitive to pressure and a vear later a 
pea-size nodule was noted There was a progressive increase in size of the tumor ex- 
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tending into the popliteal space and limiting motion of the knee joint so poi* cent Pain 
was not an outstanding symptom 

Jl\awi}icition — ^The right knee was one-third again its normal size The enlaigement 
was due to a firm irregular tumor composed of two almost distinct parts, one on the 
anterior lateral surface and a second filling the popliteal space Fluid also could be 
demonstrated in the joint Roentgenologic studies were negative for bone involvement 
and lung metastases 

Biopsy, followed by midthigh amputation m July, 1934 

Pathologic Rcpoi t —Maa oscopic The tumor was moderately well encapsulated, 
almost filling the suprapatellar and popliteal bursae At several points it had invaded 
the joint cavity The tumor was made up of lobules of rubbery consistency which showed 
occasional cystic areas No bone involvement could be demonstrated Mta oscopic 
Sections did not show the typical papillary arrangement which characterized the pre- 
ceding cases The tumor was comprised of closely packed round or oval cells with little 
or no visible cytoplasm The nuclei were vesicular with occasional nucleoli In sections 
from other portions of the tumor, the cells form a lace-hke pattern and are more spindle- 
shaped in character Numerous small blood vessels indicate its vascularity and mitotic 
figuies are quite numerous 

Subsequent Hist 01 y — Following operation, the patient had intensive roentgenotherapy, 
but five months later pulmonary metastases could be demonstrated Her course was 
rapidly downhill, with death occurring in June, 1938 

Case 8 — Acc 54821 G S , white, male, age 25, with a synovioma arising m the 
left popliteal space 

Hxstoiy — In July, 1936, three months before admission to the hospital, the patient 
developed a small lump in the left popliteal region which slowly increased in size The 
tumor was thought, clinicallj', to be a bursal cyst and was excised Pathologic report of 
specimen was “benign cyst ” Shortly after operation, the swelling recurred and in- 
creased rapidly in size to involve the entire popliteal space He was readmitted to the 
hospital in December, 1936, because of pain, swelling and loss of motion in his left knee 

Exmnination — Filling the left popliteal space was a firmly fixed tumor which gave 
the impression clinically in certain areas of being cystic Flexion of the knee was limited 
to 60° Pressuie over the mass produced very little pain Several small nodes were 
palpable m the left inguinal region There was no evidence of bone involvement roentgen- 
ologically 

Opeiatwn — December 5, 1936, the popliteal region was explored A poorly encap- 
sulated tumor was found which measured 15x7x5 cm and completely filled the popliteal 
space At one point it appeared to be attached to the periosteum of the tibia The 
popliteal vessels weie completely surrounded by the tumor, which was obviously infil- 
trating in chaiactei, making surgical lemoval impossible A specimen was excised 
for study 

Pathologic Repoit — Alact ostopic No record made Aha oscopic The sections show 
a cellular tumor made up for the most part of spindle-shaped cells In areas the cells 
are densely packed and form in whorls, while m others they he in looser tissue and give 
a lacey, myxomatous appearance Papillary formation is not striking, but there are 
cvstic aieas which are lined by more cuboidal cells Mitotic figures are numerous 

Subsequent Hutoiy —Following operation, the patient’s course was rapidly down- 
hill, with death occurring April 16, I937> four months later At autopsy, metastases were 
found to the inguinal nodes and both lungs A note on the gross appearance of the 
tunioi at this time is of interest It is described as displaying numerous small cystic 
aieas which contained a sticky, glairy mucoid fluid 

Case g A.cc 58089 A S , white, male, age 27, with a synovioma developing m 
the left popliteal space 

Hist 01 y Five weeks prior to admission to the hospital, the patient first observed 
a small lump m the left popliteal space There was no history of previous injury The 
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tumor steadily increased in size and although there was no real pain, the patient com- 
plained of a constricting sensation m this region 

Eraminahon — Superficially placed in the left popliteal space there was a fluctuant 
mass, 5^6x3 cm , which was not attached to the skin or the underlying structures 

Operation — Excision of cyst under local anesthesia April 21, 1938 There was no 
apparent communication with the joints 

Pathologic Rcpoit — Maci oscopic The cystic tumor is the size of a lemon and con- 
tains a chocolate-colored fluid The capsule is 3x4 Mm in thickness, and its inner lining 
has a sulphur-yellow color Mtci oscopic The capsule consists of fibroblastic tissue with 
numerous small blood vessels and scattered collections of hemosiderin The inner lining 
IS composed of more cuboidal cells varying from three to five cells m thickness Papillary 
projections are numerous Occasional giant cells of the epulis character are present 

Subsequent Hist 01 y — One year following operation, April, 1939, a marble-size tumor 
developed at the site of the original lesion This gradually enlarged to the size of an 
egg and, m July, 1939, it was excised The operator again described the tumor as cystic 
in character Pathologic studies revealed a picture similar to that of the original tumor, 
but with a greater tendency to papillary formation In Febiuaiy, 1940, the patient re- 
ported a second recurrence for which he is now under observation Amputation was 
refused by the patient He is now receiving radiation therapy 

Diagnosis — In none of the nine cases included in this report was a correct 
pieoperative diagnosis made The clinical impiession m five cases was benign 
buisal cyst There is really nothing chaiacteiistic about tbe bistoiy or clinical 
appearance of synovioma It is, theiefore, of highest impoitance that detail 
gross and microscopic pathologic studies be made m all cases of tumois re- 
moved from joints or regions adjacent to bursae and tendon sheaths Cursory 
loutine examination led two cases to be ovei looked by the pathologist, who 
made the diagnosis of benign buisal cyst The correct diagnosis was not 
made until a recurrent tumoi was explored 

In most cases the gross and microscopic appeal ance of the more common 
xanthoma or giant cell tumoi would quickly diffeientiate it fiom synovioma 
Gunnar Jonson,^ in reporting a senes of cases tieated at the Radiumhemmet, 
Stockholm, points out the possibility of confusing synovioma with a chronic 
villous arthritis In fact, two of his cases weie so diagnosed at opeiation The 
moie diffuse character of this lesion, together with pathologic studies (Fig 
6), should establish the correct diagnosis Whenevei a cystic tumor is re- 
moved from a region where a bursal cyst may arise and is found to contain choc- 
olate-colored fluid rather than the usual cleai gelatinous fluid common to such 
a cyst, the possibility of a synovioma must be consideied Should micro- 
scopic studies leveal a cellular lining with papillary foimations in contrast 
to the flat single cell lining of a bursal cyst, the diagnosis of synovioma is 
established 

Tieatment — No dogmatic statement can be made regaiding the manage- 
ment of synovioma based upon so small a group of cases Fiom a review of 
the literature one is left with a veiy pessimistic outlook, regaidless of the 
therapy employed This does not seem entiiely justified if we analyze the 
lesults of the nine cases herein repoited The moitality rate of 45 per cent 
IS misleading if we do not considei that the treatment in three of the four 
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patients who died was totally inadequate In two of the cases which 
terminated fatally, the collect diagnosis was not made until the tuinoi re- 
cuired, and even then only local excision was attempted at the second opera- 
tion, although It must have been ohvious that the tumor could not be com- 



Fig 6 — Photomicrograph to show pathologic pattern of a t>pical case of villous arthritis 


pletely removed without destroying vital structures A thud case, which died, 
did not seek medical aid until the tumor had grown ovei a period of seven 
years from the size of a pea to double the size of the knee It is not surprising 
that pulmonary metastases were noted m this instance, five months after a 
midthigh amputation In the fourth fatal case, an inconect diagnosis of a 
benign cyst was made at the first opeiation, and when examined four months 
later the tumor had already metastasized This case is unique in this series 
because of its fulminating couise 
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Of the five sutviving cases, foui have been tieated by local excision fol- 
lowed by radiation Thiee of these are living and well, two, seven and eight 
yeais, respectively, aftei their opeiation In the fourth case, two recuirences 
have developed during a period of two yeais The fifth patient is apparently 
m good health, foui years aftei a midthigh amputation foi a tumoi of the 
popliteal space which could not be completely removed without injury to the 
popliteal vessels 

We may conclude fiom the above that the piognosis m synovioma is not 
as pool as the liteiatuie would lead us to believe Conseivative tieatment of 
these tumors along the following lines seems wan anted Wheiever the tumoi 
can be completely excised with a maigin of healthy tissue and appeals en- 
capsulated, this should be the method of choice Wheie the tumoi cannot be 
removed completely without iiijuiy to important stiuctuies, amputation should 
be pel foi med 

The effect of ladiation theiapy is, as usual, difficult to evaluate, but it 
would seem a plausible adjunct to suigeiy wheie the tumoi has been excised 
In this senes, howevei , where inguinal metastases have developed, oi thei e 
has been a local lecuirence, it has not seemed to have had any effect on the 
ultimate outcome 

Com sc of the Disease — One conclusion we can definitely diaw aftei a 
study of these cases is that the late of giowth is slow and metastases appeal 
late in the disease Thei e was only one exception, the patient who died within 
nine months of the time when the lesion was fiist noticed The othei three 
who piogressed to a fatal teimination lived five, seven and ten yeais, le- 
spectively, aftei the onset of symptoms Dining the couise of the disease 
thiee of the foui patients vho died developed metastases to the inguinal nodes, 
and at the time of death all showed piilmonaiy involvement 

CONCLUSIONS 

(1) A series of nine cases is lepoited 

(2) Two distinct types of tumors may aiise fiom synovial-lmed stiuc- 
tures depending upon what pait of the capsule they take then oiigin Fiom 
the outer or fibioiis layei, tumors develop which are indistinguishable from 
the common fibrosaicoma Fiom the inner or synovial lining of the capsule, 
cystic tumoi s may arise which have a chaiacteiistic papillomatous pattern 
All of the cases of this senes fall into this latter group 

(3) Grossly, the tumoi s may be composed of single or multiple cysts 
which, microscopically, reveal a typical villous structuie of fibroblastic cells 
covered by cuboidal mesothelium 

(4) In view of the absence of any specific diagnostic clinical features of 
sjnovioma, the impoitance of caieful pathologic studies has been stressed 

(5) In the impiopeil}’’ diagnosed and inadequately treated cases, the 
course is protracted and uniformly fatal 

( 6 ) Based upon a study of the cases of this senes and those reported in 

425 



CRENSHAW D BRIGGS 


Vniials of Sur^,cr> 
Marcli 104 2 


the literature, a plan of treatment is pioposed which, in the light of our 
piesent knowledge, would seem both lational and conservative 

I wish giatefully to acknowledge the assistance in the preparation of this paper of 
Lt Col J E Ash, USA, Curator of The Army Medical Museum, Washington, D C 
Upon his pathologic studies, this paper is largely based 
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CHOICE OF BONE GRAFT METHODS IN BONE AND 

JOINT SURGERY 

Ralph K Ghormlhy, MD 

btCTlON ON ORTHOPEDIC SOROERT THE MATO CLIMC 

Rochester, Minn 

During the years which hai^e passed since the introduction of modern 
suigeiy, many methods of bone grafting have been advocated, each with a 
plausible explanation of its use Many of these procedures have not stood the 
test of time Howevei, a leview of those available to-day reveals a sui prising 
nunibei of useful methods 

Theie may be wide diffeiences of opinion as to the choice of method to be 
used under ceitain conditions, and several may be adaptable Much depends 
upon the expei lence of the individual surgeon with each type of pi ocedure 

Theie aie available, now, for use in bone graft surgery thiee essential 
types of giaft (i) Autogenous grafts, in which the bone is lemoved fiom one 
pait of the patient and tiansplanted to anothei part of the same patient, (2) 
homogenous giafts, in which bone is lemoved from another person such as a 
relative and transplanted to the affected part of the patient, and (3) 
heterogenous bone ti ansplants, in which bone from another species is used 
in tiansplantation Usually this is some type of beef bone though bones of 
othei animals have been used These may be subdivided as in Table I 


Table I 


CLASSinCATIOM OP TYPES OF BONE GRAFT 

Autogenous grafts 

(l) Cortical bone (usually tibia) 

(а) Cancellous bone (usually iliac crest and wall) 

(3) Osteoperiosteal bone (usually tibia) 

(4) Fibula or rib (combining the foregoing) 

(5) Chip-grafts, shave grafts etc 

( б ) Delayed grafts 


Homogenous grafts 

(1) Cortical 

(2) Cancellous 

(3) Any other type tabulated under autogenous grafts 


Heterogenous grafts 
(r) Entire bone 

(2) Cortical \ 

(3) Cancellous / 


‘os purtim 


(4) "Os novum — combination of heterogenous and autogenous grafts 


Theie may be variations in the type of graft from the standpoint of its 
placement at the site of tiansplant, such as (i) Onlay, (2) inlay, (3) intra- 
medullaiy, and (4) wedge — ^\'ariation of inlay 

In deciding what type of giaft is to be used several factors must be taken 
into consideiation 

If the graft is to seive as a fixative agent as well as to furnish osteosyn- 
thesis, coitical giafts of some type must be used 
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In some instances in which the sheaiing foice may be great and external 
fixation inadequate, as in uniimted fractuies of the neck of the femur, a 
stionger giaft than the simple tibial cortical graft may be necessaiy and a 
fibulai graft may be used Whei e such a tubulai hone is used, the sti ength of 
the giaft is much greater and the graft will bettei withstand the sheaiing force 
mentioned 

Wheie defects in bone are to be filled, as in bone cysts, cancellous bone may 
be used, although in many cysts the capacity of the defect is such that it is 
necessaiy to resort to all the available sources and one may use both 
cancellous and cortical bone 

Where a definite plastic efifect is desired, such as the making of a shelf over 
an inadequate acetabulum, the cancellous bone from the wall and ciest of the 
ilium seems, to my colleagues and me, to be most adequate 

Wheie speed of union is impoitant, the cancellous graft of some type is 
probably the best, foi reasons to be demonstrated later, piovided it is otherwise 
suitable 

It may be faiily well shown that all grafts go through certain stages be- 
tween the time of transplant and the final result, which in many cases is not 
1 cached foi seveial months oi yeais aftei the transplant is done 

Once the transplantation operation is completed, there is about the graft 
a wall of blood clot which begins the usual stages of oi ganization During this 
process blood vessels form in the oiganizing tissue If the graft is permeable 
enough, it may be invaded by the oiganizing connective tissue If cancellous 
bone IS used as a giaft, this invasion by connective tissue is much moie readily 
accomplished, as may be seen m the expeiimental grafts If the giaft is a 
coitical graft with some cancellous bone attached, the invasion by the connec- 
tive tissue may take place more slowly, and where pure cortical bone is used 
this invasion is slower in direct propoition to the density of the bone 

After the circulation to the graft is established thiough the invasion by 
connective tissue, a stage of i eduction m density of the giaft begins and in 
some cases may proceed to such an extent as to make the graft extremely vul- 
nerable Fractures of grafts duiing this stage aie not uncommon However, 
with the completion of this phase and usually by the i esumption of some active 
stress, lecalcification and leossification of tlie giaft take place and this piocess 
may go on to such a degree that, in the end, the mass of bone ovei the grafted 
aiea is two oi thiee times as large as the original giaft 

Hypothesis of Bone Giozvth — The foiegoing obseivations aie taken from 
a series of expeiiments reported by Stuck and myself in 1934 At that time we 
summarized the hypotheses of bone giowth into five gioups 

( 1 ) Growth and replacement of bone are brought about by specific osteo- 
genic activity of the peiiosteum (Ollier, 1867) 

(2) All of the transplanted hone dies and is leplaced by proliferation of 
new bone from the surrounding host tissue (Baith, 1893) 

(3) Replacement of bone giafts and lepair of bony defects are effected by 
pioliferation of bone fiom the periosteum and endosteum (Axhausen, 1908) 
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(4) The periosteum has no osteogenetic function Bone grows and repairs 
Itself by proliferation of bone chips (Macewen, 1912) 

(5) New bone is foimed by metaplasia of the pieexisting connective tissue 
in the region wheie the bone is to be laid dovn (Baschknzew and Petiow, 
1912) 

To this list may be added the views raoie or less attributed to Leiiche 
and Pohcard, who stated that “The problem of osteogenesis has passed 
through many phases It has been histologic and suigical and at the piesent 
time it IS, above all, chemical ” These authors have elaborated an hypothesis 
that all foimation of bone is the result of metaplastic change m the connective 
tissue wheie bone is to be laid down Theie aie thiee stages in this metaplasia 
(i) Transplantation of connective tissue by edematous infiltiation with multi- 
plication of connective tissue fibiils, (2) infiltiation by a special substance 
clinically undefined, the pieosseous substance, and (3) deposit m that sub- 
stance of a mixture of calcium phosphate and calcium caibonate, pioducing 
bone 

This view may be said to be largely theoietic until more knowledge of 
chemistry of body tissues and particulaily of bone is gained What such 
knowledge as the futui e may bi mg will do to suppoi t or modify this hypothesis 
IS, of course, unknown But with the rapidly increasing knowledge of chem- 
istiy as applied to medicine, it is probably safe to predict that at least a major 
pai t of the process of bone formation will be known to be purely chemical 

We have not by any means been able to demonstrate these steps in our 
experimental work However, we feel that we have pioved that giafts which 
aie moie readily permeable by granulation tissue unite more quickly with 
their host bone The moie compact grafts go thiough the same process but 
this takes a much longer time 

Cortical Giafts — My colleagues and I use coitical grafts probably moie 
widely than any othei type In treating ununited fractures of the long bones 
Ave use them almost exclusively Here the splinting effect of a solid giaft is 
most desii able It is essential to fix the ends of the long bone by some means 
and fixation can be accomplished in this way This applies to practically all 
of the ununited fiactures of shafts Cortical grafts aie used as a rule in cases 
of scoliosis in which the deformity is not severe but in which a suppoi ting graft 
of the “strut” type is desired Cortical giafts may be used to fill laige defects 
such as those seen m bone cysts Bone grafts for tuberculosis of the spinal 
column and foi spondylolisthesis aie usually of this type 

Cancellous Giafts — The cancellous type of graft may be used in lumbo- 
sacial bone giaft opeiations in which only two vertebrae are to be fused, that 
is, the fifth lumbar veitebra to the sacrum or occasionally two other vertebrae 
Such giafts are also adaptable m making shelves in the case of congenital dis- 
location 01 subluxation in which a shelving type of opeiation is desired Such 
cancellous grafts are most adaptable in filling small and large bon}*^ defects such 
as aie seen in bone cysts or giant cell tumois In these cases oftentimes a 
laige amount of bone is necessarj to fill the defect and it may be necessary to 
use both cortical and cancellous bone in such instances Cancellous bone, in 
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the form eithei of laige flat shavings or of solid giafts fiom the ilium oi 
trochanter, is often used as an adjunct m the various types of ankylosing 
operations on the hip 

Osteopeuosteal Giafts — In our hands osteoperiosteal giafts are used only 
m cases of severe spinal deformity, such as are seen m advanced cases of 
scoliosis or tuberculosis, in which stiaight oi slightly curved solid grafts cannot 
be made to fit 

Fibnlai Gi afts — In our hands fibulai grafts ai e used almost exclusively in 
cases of unumted fractui e of the femoral neck In these cases the tibial cortical 
graft has been found to fractui e rather late m the convalescence owing to the 
sheaimg foice noted previously Although fibular grafts may fracture, such 
fractui es occur much less frequently than in tibial giafts Another type of 
fibular gi aft is the so-called Huntington operation, m which the fibula is trans- 
planted at eithei end to the lemainmg epiphyseal poitions of the tibia and thus 
replaces the absent shaft of the tibia 

Rib Giafts — Rib giafts have been used ovei a long period Many of the 
eailier woikeis m bone giaft suigeiy emploj'ed iib giafts In our own experi- 
ence they are now used for only one type of case, that is, scoliosis with severe 
deformity of the ribs In tliese cases the nbs are resected to correct the 
defoimity as much as possible and used as tiansplants to lemfoice the fusion 
of the affected portion of the spinal column 

It IS my impression that i ib grafts are used in facial plastic surgery, which 
is out of our consideration here 

CJnp-giafts and Shavc-giafts — Fiom time to time various authors have 
recommended the use of chip-giafts and shave-grafts These are very useful 
111 filling bone cavities, m implanting m the area of fusion in the spinal column 
or as implants about a site of nonunion to furnish additional bone to the main 
graft They usually aie obtained fiom the tibia but also may be obtained from 
the ilium 

MatcJi-gi afts — Small pegs of hone used m giafting small fiagments of bone 
together, as in unumted fiactures of the caipal scaphoid bone, aie often called 
match-grafts These are simply small coitical grafts and as such go through 
the stages of healing seen m any case in which coitical bone giafts are 
employed 

Delayed Giafts — Biooks and Hudson have developed another method of 
bone transplantation in expei imental animals and Key has adapted the method 
to operations on human beings In the fiist stage the transplant is cut on the 
donoi but not removed, and its bed is prepared In the second stage, several 
days later, the transplant is i emoved and placed m its new bed Key reported 
the use of this method on patients thiee times for nonunion with a successful 
result each time Leriche and Pohcard stated that “The take is more rapid 
and the osteogenesis of better quality The biologic explanation of this fact 
is simple The preliminary preparation leads to a laiefaction of the bone and 
consequently augments the permeability of the passageways for the reha- 
bilitation ” 

Along this same line Leriche and Pohcard quoted the observation of 
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Chutro “that the bone graft unites better when the transplanted bone is 
affected by extensive trophic and nutntive disturbances These disturbances 
result in a raiefaction which automatically increases the peimeabihty ” 

These obseivations are all m accoid with what has been noted already, 
namely, that the peimeabihty of the graft makes for an easiei invasion by the 
connective tissue uhich becomes the source of blood supply and ultimately 
IS impoitant in the healing and union of the graft 

Homogenous G^ajts — Fiom time to tune the use of bone fioni individuals 
other than the patient has been advocated In instances in which persistent 
nonunion has occuired and for some leason, usually because of inadequate size 
or stiength of the lione, the patient’s tibia oi ilium does not seem suitable as 
a donoi aiea, giafts may be taken from another individual, usually a paient 
01 close lelative, although this relationship is not necessary That this type 
of giaft may be successful I know from personal experience I have been 
unable, howeyer, to obtain fiom the liteiatuie any definite facts regarding the 
lelative success of this type of grafting as compared with autogenous grafting 
In one aiticle by Biooks and Hudson on the experimental use of homogenous 
bone transplants a statement is made that the homogenous giaft was successful 
111 76 8 per cent of cases as against 84 8 per cent of autogenous gi afts m the 
same type of animal These authors stated that they did not study the reac- 
tions in the beds to which the grafts were transplanted In several of the 
experiments the blood cpipuscles and serums were tested for iso-agglutimns 
and hemolysins but none were demonstrated Brooks and Hudson referi ed to 
work on tiansplantation of other types of tissue by Loeb, who found that 
syngenesioplastic transplantations were more successful than homogenous 
ti ansplantations but less successful than autogenous transplants By syn- 
genesioplastic transplants is meant the use of tiansplants from closely related 
individuals as donors So fai as I have been able to ascertain, this has not been 
detei mined from clinical applications of the method 

Neuhof stated that “homoplastic giafting has not had extensive clinical ap- 
plication Differences between the seia of two individuals is undoubtedly an 
important factor 111 the uncertainty of success attending its use, but this has 
only been consideied theoietically and has not been proved expeiimentally “ 
Our expel lence with liomoplastic bone ti ansplantations at the clinic has 
been limited to 19 operations on 14 patients, with the results shown m Table II 


Table II 

RrSULTS or homogenous bone transplants in 19 operations upon 14 CASES 



Number of 

Suc- 

Fail- 

Un- 


Operations 

cess 

ure 

knoM n 

Donor Father mother or brother 

13 

7 

6 

0 

No relationship 

6 

3 

2 

I 

Total 

19 

10 

8 

r 

Blood-matching recorded (ca'-es) * 

5 


4 

I 


Three of these cases MCTe of congenital pseudarthrosis All donors Mere parents 

Thus, fiom our own experience at the clinic it cannot be said that the donor 
should be a close relative oi that the blood should be matched In one case 
a piece of bone from a donor not related was preserved in alcohol for a time 
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befoie being used successfully as a giaft Such expeiieuces have been repoited 
m the literatiu e f i om time to time Although by no means to be i ecommended 
as a loutine pioceduie in bone giafting opeiations, homoplastic tiansplantation 
does have a place m the occasional case m which bone is despeiately needed 
and foi some reason oi othei the patient is in no condition to withstand auto- 
transplantation 

Perhaps more effoits at blood-matching m our series would establish 
the impoi tance of this pi ocedui e, but f i om these cases studied thei e is little to 
offer as an argument in favor of it 

In an emergency one may employ bone from an amputated limb, provided 
the condition of the amputated part is such that there is no danger in its use 
The pi esence of infection, malignant lesion, etc , would, of course, forbid the 
employment of such mateiial for giafting pui poses The material may be 
preseived for a tune in alcohol oi ethei without destroying its value as a graft 
One must appioach such a proceduie without promising too much to the pa- 
tient, but undei conditions of eKtieme necessity such methods may be used 
witb some assui ance of success 

Hetei ogenons Transplantation — The use of bone from other species than 
man has been lepoited from time to time with vaiying statements of success ® 
Such materials as beef bone screws, plates and grafts have been employed for 
many years and are still m lathei general use, with peihaps some increased 
stimulation by the woik of Oiell which has leceived widespread publicity 
during the past few years Besides advocating the employment of specially 
prepared beef bone, Orell has i ecommended the use of what he calls “os 
novum” In this pioceduie a stiip of beef bone is implanted subperiosteally 
ovei the anteiomedial surface of the tibia One to two months later the implant 
togethei with the newly foimed bone sunounding it is tiansplanted to the 
desired bed 

The method seems to have gained some popularity, paiticularly in Euiope, 
if one is to judge by various lepoits in the Euiopean liteiature How exten- 
sively It may he used m this country I cannot say at this moment My col- 
leagues and I have used beef bone sciews foi yeais This method of fixation 
of autogenous giafts has been advocated by Hendeison It has proved a very 
satisfactoiy method of fixing giafts Occasionally theie may be some evidence 
of reaction around the sciews and their extiusion may be noted or their 
removal may be necessaiy Foi this leason my colleagues and I have lately 
been using vitalium screws to fix oui bone giafts Whetbei oi not they will 
prove inoie satisfactoiy than beef bone sciews is as yet to be demonstrated 
They have apparently been satisfactory to date 

Beef bone plates were used for some yeai s, usually as a method of fixation 
of f 1 esh fractures As such they proved satisf actoi y in some cases but the fact 
that they are no longer used attests to the preferability of other means of 
internal fixation over them 

Othei types of heterogenous bone transplant reported in the literature 
have been bone fiom rabbits, sheep, chickens and monkeys, eye teeth of 
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walruses, stags’ antleis’ and beef horns Tins is undoubtedly only a small list 
of the materials used, as others aie recorded in fiagmentaiy case lepoits such 
as the successful ti ansplantation of the tibia of a fieshly killed goat ^ All of 
this simply shows that again one may, under exti aoi dmary ciicumstances, 
0iyjploy vai lous types of hetei ogenous bone as a grafting material Actually , 
my colleagues and I feel that the circumstances must be extraoi dmary to 
justify the use of heterogenous bone and that for the loutine employment of 
bone grafting methods one should use autoti ansplants 

Postoperative Complications — Once the tiansplant is completed, piobably 
the gieatest souice of failuies is thiough infection Many lules may be made 
about the time to opeiate aftei all infection has appaiently subsided in a com- 
pound fiacture Various mteivals of fiom six months to two yeais — have been 
advocated as necessaiy before attempting bone giaftmg opeiations One can- 
not, of couise, ever be sure It seems to me moie impoitant to attempt to 
deteimine whethei there has been a veiy active type of infection and, if so, 
whethei thei e has been sei lous damage to the sui i ounding soft pai ts so that 
much dense scai tissue is piesent One can usually deal with the scar tissue 
between tbe ends of the bone fiagments by excision If the soft tissues aiound 
the fiagments aie seveiely scaiied, however, seiious impaiiment to the healing 
of the giaft may lesult If infection develops about the graft as the lesult 
eithei of a flaie-up of an old infection oi of intioduction fiom elsewheie, one 
must deteimine, first of all, whethei the infection is a localized one, which 
may cause little or no geneial reaction, or whethei a seiious general reaction 
is taking place In the latter case, free drainage of the wound may be neces- 
sary, combined with whatever general measuies may be indicated In milder, 
localized infections the utmost consideration must be used in the care of the 
wound By such treatment oftentimes a satisfactory union may be obtained 
and thus a good result salvaged from what may have appeared to be at first 
a failure Oftentimes a graft may live in part thiough such an episode and 
sufficient normal bone may be formed to promote a good union or whatever 
effect may be desired from the operation 

Fiactuies of grafts may occur and, under some circumstances, such a com- 
plication may prove serious This is particularly true where the graft is used 
to repair an ununited fracture However, continued external fixation may 
produce union of the graft thiough the fiactuied area and a good result may 
thus be obtained In the case of grafts to the spinal column it has been my 
observation that, as a rule, the stiut-giaft for scoliosis will unite and be even 
stiongei at the site of fiactuie On the other hand, a graft for tuberculosis 
of the spinal column may fracture and fail to unite, with a resulting failuie 
of the operation In the former case the constant friction of the ends of the 
graft may promote union In the latter case the tendency is for distraction of 
the ends of the graft to take place mth lesulting failure of union 

T-he ultimate fate of grafts, once they are fiimly united, is usually to remain 
in situ and, if put to mechanical stress, to inciease in size and thickness over 
tno 01 three }eais Occasional!) absorption may take place without any 
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definite known cause, possibly m some instances as a lesult of a negative 
calcium balance In geneial, the cliaiacter of cortical bone and cancellous 
giafts will be maintained 


CONCLUSIONS 

(1) Bone grafts must become attached to the host by granulation tissue 

(2) This granulation tissue must invade the giaft 

(3) In the case of cortical giafts, this invasion will be delayed because ot 
the 1 elative impei nieability of the graft 

(4) Duiing this period the giaft may undeigo appaient death of a varying 
degiee of completeness 

(5) After vasculai ization the graft may appear to atrophy owing to the 
increased ciiculation 

(6) Duiing this peiiod of transfoimation and reduced density grafts aie 
nioie fi agile than during othei peiiods and may fiacture easily 

(7) Ultimately both coitical and cancellous grafts become restoied to 
1101 mal consistency 

(8) Ovei a peiiod of yeais most giafts will become thicker and heavier 
as they are subjected to sti esses and strains 

(9) Dead bone may ultimately become 1 evascularized and leplaced by 
new bone, witness disappeaiance of beef bone sciews in giafts Sometimes the 
continued presence 111 loentgenogiains may be an indication of “letarded bone 
metabolism ” 
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CASE BEPORT 

Alfred H Whittaker, M D , 

AND 

David J Sobin, M D , MS 
Detroit, Mxui 

In 1935, G Goidon-Tayloi and Philip Wiles^ published the lecoid of 
then five cases of hind quaitei lesection, togelhei with an exhaustive sum- 
maiy of the cuiient liteiatuie Altogethei theie had been 79 cases repoited, 
with 46 deaths, a mortality of 595 pei cent They weie able to veiify 55 
of these cases of which 31 (564 pei cent) died, of these 55 cases, 37 had 
been amputated foi malignant disease of the lowei extremity, with 20 deaths 
(54 I pel cent) , 15 foi tubeiculosis, with ten deaths (66 6 pei cent) , one foi 
iiontubeiculous disease of the hip, which lived, one for osteoclastoma, which 
was living some five and one-half yeai s latei , and one foi an unknown cause, 
which died Since 1935, 15 cases have been lepoited m vaiious peiiodicals 
111 diffeient countiies (Table I), of which Goidon-Tayloi^ has contiibuted 
six of his own Six (40 pei cent) of these 15 cases died within vaiiable 
peiiods of elapsed time — as long as six months Of the ones that lived, one 
had been opeiated upon five yeais ago, anothei thiee yeais, thiee of them foi 
a few months, and of the lemamdei all we know is that they suivived 
opeiation The pin pose of this papei is to piesent the histoiy and subsequent 
couise of a case of successful hind quaiter amputation 
The indications foi this ladical piocedure aie^ 

(1) Extensive disease of the pioxi'mal thigh, wheie disaiticulation of 
the hip will not suffice foi complete eiadication of the disease 
This may be malignant 01 benign 

a Bone tumois involving the pioximal end of the feniui, the 
pelvic bones, 01 extending into the soft paits of the pelvic 
cavity 

b Chionic bone infections in the same locality not yielding to 
suigical diamage 

c Malignant tumois 01 infections of the soft paits of the hip 
aiea, extending into the bones 01 into the tissues of the 
buttocks 

(2) Malignant bone tumois of the ilium and tumors of the soft parts 
of the pelvis too extensive to yield to local lesection of that part, 
but which lequiie lesection of the entiie limb 

(3) Extensive dissecting aueuiysms of the femoral artery 

(4) Ciushmg injuiies of the hip legion, vith gas infection 

(5) Tubeiculosis of the feimii 

Presented before the Academy of Surgerj of Detroit, Jilich , Februarj 13, 1936 
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Table I 

REPORTS OI IS ISTERINNOMINO ABDOMINAL AMPUTATIONS 


I93S-I94I 


Surgeon 

Date 

Sex 

Age 

Disease 

Result 

Published 

Gersh 

1936 

M 

60 

Sarcoma 

Died after three months from 

Sovet Khir No 4 






intercurrent infection 

681 1936 

Shvartz 

1938 

M 

48 

Periosteal 

Died within one month from 

Vestnik Khir SS, Si 





sarcoma 

peritonitis and pulmonary 

Jan 1938 






infection 


Banet 

1936 

M 

27 

Osteosarcoma 

Alive at least one month after 

Bol Liga Contra il Can- 






operation 

cer ij, 43 Feb 1936 

Lenche and 

1937 

M 

23 

Eiving s retic- 

Alive tno months later 

Mem acad Chir 64, 

Stulz 




ulosarcoma 


31 Jan 12 1938 

Padovani 

1938 

M 

18 

Myeloma 

Alive SIX months later 

Mem acad Chir 65, 







361 Mar 8 1939 

Ricard and 

1938 

M 

36 

Osteosarcoma 

Died same day 

Lyon Chir 35. 81 Jan 

Clavel 






1938 

Pascalis 

1936 

M 

44 

Osteosarcoma 

Survived operation 

Progres M4d 39, 1481 







Sept 26 1936 

Gordon- 

I93S 

M 

17 

Spindle cell 

Living five years later 


Taylor 




sarcoma 




1936 

F 

37 

Osteolytic 

Died three hours after opera- 






sarcoma 

tion 



? 

F 

2S 

Spindle cell 

Living three years later 






sarcoma 


Brit Jour Surg 27, 


1938 

M 

14 

Osteosarcoma 

Died six months later from 

643 April 1940 






metastases to spine 



1938 

M 

34 

Spindle cell 

Died 20 hours after operation 






sarcoma 

from shock 



1939 

M 

26 

Chondrosar- 

Survived operation 






coma 

i 


Rapant 

1937 

M 

29 

Osteolytic 

Survived operation | 






sarcoma 

1 

^ Chirurg 10, 804 Nov 


1937 

M 

14 

Osteolytic 

Survived operation I 

IS 1938 





sarcoma 




Certain rules aie accepted in selecting this operation If, after complete 
physical examination, a malignant tumor is found, careful search must be 
made for local and distant metastases, especially to the lungs and thorax The 
disease should not have penetrated into the pelvis noi beyond the boundaries 
of the sacro-iliac joint and symph)>’sis pubis The patient should be a reason- 
able risk, and should understand that he risks his life in the hope that he 
will be relieved from the disease or pain he suffers 

Since these rules were first laid down, the recognition of the importance 
of a transfusion admimsteied during the opeiation has greatly lowered the 
moi tality, and the patient can approach the operation with gi eater probability 
of lecovery 

Case Report — C B , white, male, age 40, reported to another hospital, December 
31, 1934, complaining of a sprain in the right leg, the result of recent heavy lifting 
Phjsical examination revealed an inflamed mass in the right proximal thigh, accompanied 
by general malaise, chills, and fever He returned to work after symptoms had subsided, 
only to be incapacitated a short time later bj a recurrence of symptoms In February, 
193s, the mass was aspirated but nothing was obtained, it was removed locally after signs 
of inflammation had subsided The patient felt better, gamed ten pounds in weight, and 
returned to work 

He remained sj mptom-free until August 5, 1935, when he was referred to us because 
of a large, stonj-hard, nonfluctuant mass in the anterior right thigh, and a loss of 30 
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pounds m weight A specimen was taken for biopsy under light general anesthesia The 
tumor was 5 cm in diameter, partly fibrous in appearance, nonencapsulated, with necrotic 
renter and some blood Microscopic examination revealed extensive necrosis with small 
islets of spindle cell sarcoma surrounding the blood vessels The pathologist believed that 
the tumor had not metastasized, and if completely excised would probably not recur He 
was hospitalized for further observation with this end in view 





Fig I — The medial aspect of the resected right lower extremitj, 
showing tumor 


Roentgenologic examination revealed a marked soft-tissue swelling of the right thigh , 
there was no evidence of involvement of the bony stiucture except a slight pressure de- 
foimity in the shaft of the femur below the lesser tiochanter Laboiafo>y Data Negative 
Kahn, negative urine, no Bence-Jones bodies, R B C 2,880,000, with 40 per cent hemo- 
globin, W B C 17,000, with 91 per cent polymorphonuclears and 7 per cent lymphocytes 
His blood was Type II, and donors were readily found among the family 

With the object of preparing the patient for an mtermiiomino-abdominal amputation, 
he was given preliminary roentgenotherapy,* divided into three doses , one on September 
25, another on September 26, and a thud on September 27, and, m addition, he was given 
350 cc of whole blood on the first day and 400 cc on the second 

* The deep therapy consisted of the following dosage 
August 25, 1935— Right thigh, Machlett i. Cone 2, 200 KV, i 5 Mm cu , i Mm al , 50 
cm std , 20 ma , 30 mm , 600 ma , 100 per cent S U D 
August 26, 1935— -Right inguinal region, ant , same technic, 55 cm std 
August 27, 1935 Outer aspect upper third right thigh, same technic 
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Following the roentgenotherapy the patient was very weak and slightly delirious, but 
after the biopsy incision, which permitted drainage of the straw-colored contents, the 
toxemia lessened, he gamed strength, became rational, and on September 30, 1935, the 
mtennnommo-abdommal amputation was performed 

Opciativc Pioccdiiic — Under spinal anesthesia, the patient was turned a little to the 
left side by means of sand bags, and, with careful attention to hemostasis, the incision 



L 


Fig 2 — The Htenl aspect of the resected light lower estreniitj 

was made along the iliac crest, down through the inguinal region well above the site of the 
tumor, and carried to the inner side of the thigh to form a laige posterior flap The 
upper edges of the wound were then dissected onto the lower abdominal wall, the inguinal 
canal exposed, the external ring divided, and incision made medially to divide the attach- 
ment of the rectus muscle The external oblique fascia was sepaiated parallel with the 
inguinal canal as far as the anterior iliac spine, the muscles of the abdominal wall were 
divided at their insertion on the iliac crest, and the incision carried backward to the 
posteiior supeiior iliac spine The internal oblique was pushed up from Poupart’s liga- 
ment exposing the external iliac vessels The external iliac artei y and vein were encircled 
separately by a heavj silk ligature and held by clamps, so that in case it became necessary 
to terminate the proceedings before completion of the opeiation, the blood supply to the 
lower extremity could be resumed 

The incision was next carried down on the posterior infenoi ihac spine, well awa> 
from the genital crease, down the thigh, posteiiorlj -and-around, to connect with the 
anterior incision, thus forming a large flap on the inner side The gluteal muscles were 
partially divided, and the tissues freed from the greater sciatic foramen The inferior 
gluteal artery was ligated, the psoas muscles divided, and the posterior portion of the 
ilium exposed 

The ilium was divided just lateral to the sacro-iliac joint, the division extending 
toward the greater sciatic foramen , a forceps was placed in the foramen, a Gigli saw was 
drawn through, and another forceps inserted from above — beneath the muscles covering 
the inner surface of the ilium — to grasp the saw and bring it up to the superior border 
The bone was then divided completely with the saw 

438 



Volume IIS interinnomino-abdominal amputation 

Number 3 

After the ilium was divided and drawn outwaid, the sacral plexus was exposed, then 
the nerve trunks were injected with 2 per cent novocain, all nerves cut, but the iliac vessels 
were not exposed The abdominal contents, coveied by peritoneum, were freed from the 
soft tissues covering the ilium, and held mesially by manual retraction The symphysis 
and adherent tissues posterior thereto were divided more completely, the spermatic cord 
being held well out of the way to avoid injury The right side of the pelvic ring and 
the lower extiemity were removed, the vessels ligated, and the flaps sutured with silk- 



Fig 3 — Roentgenogram of the pelvis after resection of the 
ilium, ischium and pubis on the right side 


worm gut Careful approximation of the flaps was not attempted as the blood supply was 
considered more important Three cigarette drains were inserted beneath the flaps and 
dressings applied 

The anesthetic consisted of iS mg (025 gr ) of novocain and 45 mg (075 gr ) 
ephedrine dissolved in spinal fluid It was administered at ii 57 am , the first incision 
was made at 12 05 p m , at i p m nitrous oxide and oxygen were added and transfusion 
begun The operation ended at i 30 p M Pulse and blood pressure were normal through- 
out The patient was returned to the ward in good condition, warm blankets were applied, 
and a second transfusion administered later m the daj"^ 

Subsequent Comse — From Figures 3, 4 and 5 it will be seen that an uneventful 
recovery ensued The edges of the flap sloughed awajs producing a clean granulating 
surface, which was covered by epithelium m a few weeks The patient was discharged 
December 19, 1935 

Two months after discharge from the hospital the patient was placed in the hands 
of a prosthesis maker to solve the problem of providing support m the absence of one-half 
of the pelvis There had been a gam in weight and an absence of pain On Marcli 2, 
1936, a small nodule appeared in the skin flap and microscopic examination showed this to 
be spindle cell sarcoma 

This return of a sarcomatous growth in the skin flap, even though the sarcoma has 
been widely excised, is quite common, and such recurrences ha\e been frequently reported 

On klarch ro, X936, the patient was readmitted to the hospital for roentgenotherapy 
and, on klarch 26, 1936, generalized coinulsions lasting a few minutes developed, followed 
b\ difficult} in speech and motor involvement of the right upper extremity The 
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vulsions continued and the patient died, April 2, 1936 The cause of death being due to 
spindle cell sarcoma with intracranial metastases 



Fig 4 — Posterior view of pn Fig 5 — Front view of pitient 

tieiit With completeb heiled hind uith complete!} henled hind quartei 
quartei resection resection 


SUMMARY 

A brief leview of Tayloi and Wiles’^ “ buivey, with a leview of the 
cuiient liteiature on repoits of inteiinnomino-ahdominal amputation since 
1 935, has been presented 

The case of a white male, age 40, witli a spindle cell saicoma of the right 
thigh is leported A desciiption of the procediiie foi a complete hind quarter 
resection is given The impoitance of caieful pieparation for operation, and 
the administering of a tiansfusion dining the opeiation is emphasized 

The patient 1 ecovered from the operation but died six month later of intra- 
cranial metastases 
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AN OPERATIVE TREATMENT FOR RECURRENT DISLOCATION 

OF THE SHOULDER 

Stephen Wahl, M D 
New York, N Y 

FROM THE SERMCL 01 DU DJ O MAFEU, ItOSPlTAl FOR JOINT DISLASFS, NEM lOHK, N T 

A REVIEW of the liteiatuie on the opeiative tieatinent of lecuiient dis- 
location of the shouldei leveals that theie is piactically no other oithopedic 
condition for which so many diffeiing opeiative pioceduies have been de- 
vised This, in itself, indicates a lack of unanimity of opinion as to the value 
of these pioceduies This is m pait due to the lack of opportunity foi in- 
tensive numeiical experience because of the lelative infrequency of this con- 
dition One thing is evident fiom this review, that the simplest pioceduies 
aie the most populai 

The opeiative technics usually employed fall into two majoi gioups (i) 
Those which aim to repair the cause of the lecuiient dislocation of the 
shoulder, and (2) those which attempt to pi event the lecuiience of the dis- 
location regal dless of the causative factor It is not the purpose of this pies- 
entation to review all of the operative methods devised for this distuihance 
I shall meiely lestnct myself to those gioups of pioceduies which utilue 
the long head of the biceps tendon as a suspension appaiatus foi the head 
of the humei us in 01 der to pi event the 1 ecui 1 ence of the displacement 

The advantages of the use of the long head of the biceps aie (i) It 
makes possible the constiuction of an aiiangement similar to a strong hga- 
mentum teres m the hip, (2) it is available at the site of the opeiative pio- 
ceduie, and (3) it eliminates the necessity foi additional incisions to obtain 
fascial 01 tendon tiansplants 

In 1926, Rupp^ expiessed the belief that the long head of the biceps was 
the causative factoi in the recuirence of the dislocations because of pressuie 
on the head of the humei us 111 downwaid and outwaid diiections on certain 
motions of the aim He, therefore, unwittingly made a suspensory apparatus 
out of the long head by sutuiing it to the capsule and peiiosteum of the 
humei us The lesults of this piocedure weie not \eiy satisfactoiy because, 
in all piobability, a him tendo-osseous union was not obtained in most of 
his cases 

Heymanowitsch,- in 1927, desciibed two vaiiants of a suspension proce- 
duie In the fiist vaiiant, he freed the whole biceps tendon and severed its 
oiigin at the upper rim of the glenoid He then dulled a hole thiough the 
head of the humerus and threaded the fieed tendon thiough this bone chan- 
nel and fixed the proximal end to the acromion In the second variant, he 
cut the tendon at the level of the suigical neck of the humerus, dulled a 
channel as pieviously, thiough the head of the humei us, threaded the proximal 
poition of the severed tendon through the channel, and leunited the cut ends 
of the biceps tendon 
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In 1929, Nicola^ described an opeiation, independently of Heymanowitsch, 
which IS identical with the latter’s second valiant Nicola’s description 
popularized this method in this country 

In 1933, Roberts'* described an operation in which the long head of the 
biceps was buried in a deepened bicipital groove Burnets^ achieved re- 
markably good results with this method 

The Heymanowitsch-Nicola procedure, though lelatively simple, presents 
certain practical objections and technical difficulties This procedure neces- 



Fig I — Showing the proNimal part Fig 2 — Showing the proximal part of 

of the cut tendon of the long head of the cut tendon pulled through the bone chan 

the biceps lifted out of the bicipital nel in the greater tuberositj of the humerus, 

groove The distal end is fixed to the and fixed snugly to the surrounding tissue 

periosteum 

sitates the opening of the scapulohumeral joint, thus exposing it to unnecessaiy 
tiauma and involvement in the event of an untoward infection with the 
possible dire after-effects Technically, the dulling of the channel and the 
threading of the tendon through the channel may at times be difficult, necessi- 
tating considerable manipulation and trauma to tbe joint cartilage as well 
as to tbe tendon, and prolonging the operation Furthermore, improper place- 
ment of the channel may lesult in recurrences To overcome these objec- 
tions 1°’ have described, in 1931, a simpler, safer and more certain procedure 
(Figs I and 2) 

Opeiatwe Techmc — This consists of a three-inch long, longitudinal 
skin incision starting just below the medial bordei of the acromion and over- 
l3ung the bicipital groove Tbe deltoid muscle is split longitudinally by blunt 
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dissection and if the groove does not piesent itself in the opeiative field it 
can be brought into view b}' lotating the aim inteinally or externally The 
sheath of the long head of the biceps is incised and the tendon is freed fiom 
the sulcus About one inch above the muscular poition of the long head of 
the biceps, stiong silk sutuies are placed fixing the tendon to the peiiosteum 
while the forearm is held in 45° flexion A stay sutuie is placed immediately 
above the fixation sutures The tendon is cut below the stay sutuie and is 
lifted out of the bicipital gioove A dull hole measuiing about one-haif 
to thiee-quarteis of an inch in length is made extending fiom the bicipital 
groove thiough the gieatei tubeiosity The fiee end of the cut tendon is 
then scarified and thieaded through this channel while the aim is held m 
45° abduction The tendon is snugly fixed to the periosteum and the sur- 
rounding tissues with stiong silk sutures The wound is then closed and 
the extiemity is immobilized in a plaster of pans spica in 45° abduction or 
in a Velpeau bandage foi a period of thiee weeks On removal of the bandage 
the patient usually piesents a complete range of motion Several weeks of 
physiotherapy complete the after-caie 

In addition to my^* four cases, published in 1931, I have employed this 
procedure on ten othei patients, making a total of 14 cases Of these, ii 
were males and three were females Nine weie laboiers, and the othei s had 
less stienuous occupations One of the laboreis was an epileptic Twelve 
of these patients weie under my peisonal observation for three to six years, 
one for one year and nine months, and another for one year All of these 
had had frequent dislocations of many yeai s’ standing, at times on the slightest 
motion of the arm or the slightest exertion such as sneezing 01 coughing 
The above mentioned epileptic sustained, during a seizure, a fracture of the 
olecianon of the same extiemity ii months subsequent to the operative pro- 
ceduie without redislocating his shouldei Another of these patients had 
had a previous paitial excision and reefing of the capsule, with subsequent re- 
currence of the dislocation All of these patients legained a full range of 
painless motion subsequent to my opeiative pioceduie, and all of them le- 
tuined to their pievious occupations without any disability whatsoever None 
have had a lecuirence 

Anschutz,^ Hey 11,0 and Jungling^o have employed this procedure m six 
instances These \veie followed ovei a period of six months to over two 
years Only one of these lepoited cases had a lecuirence, ivhich occurred at 
the end of the second yeai, under circumstances which w^ere not disclosed 

Eleven othei cases are knowm through peisonal communications with 
three suigeons^^ wdio observed them for a peiiod of over two years 
None of these patients sustained a lecuiience 

Altogther, 31 cases, known to me, have had the above desciibed procedure 
for lecuirent dislocation of the shoulder Twenty-eight of these have been 
obseived foi two to six yeais Only one of them has suffered a lecurrence 
of the dislocation 
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SUMMARY 

(1) This communication describes additional experience with a simple, 
safe and effective opeiative pioceduie for recur lent dislocation of the 
shoulder 

(2) Thirty-one known cases have been followed by the author and other 
surgeons, with only one lecuiience 
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SUBTALAR DISLOCATIONS 

CASE REPORT OF THE INWARD TYPE 
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With the intense inteiest shown dining recent years in the treatment 
of fractures, it is surprising that the study of dislocations has been neglected 
Some of these injuries may test to the utmost the anatomic knowledge and 
ingenuity of the surgeon if they aie to be clearly undei stood and successfully 
ti eated This is particulai ly true of subtalar dislocations of the foot , for, 
when such a condition is encounteied, even after caieful study of the loent- 
genogiams, it is often difficult to understand its tiue natuie and to institute 
piopei treatment 

A subtalar dislocation is a rare tiaumatic injuiy of the foot m which 
the calcaneus and navicular aie displaced, the talus retaining its normal 
position within the ankle moitise The displacement of the foot upon the 
talus can be inwaid, outwaid, backwaid or foiward Baumgaitner and 
Huguiei" collected all recorded cases up to 1907, and Shands-® made an 
additional collection to 1927 

It IS the purpose of this papei to repoit a case of subtalar dislocation of 
the imvaid type and to discuss the pathology and tieatment of this unusual 
and mteiesting injuiy The hteiatuie has been reviewed and a lesume made 
of case reports since Shands’ collection of 1927 

Case Report — J J , Negro, male, age 52, was admitted to Knickerbocker Hospital 
January 25, 1940 He stated that he slipped while walking on an ice-covered pavement, 
his right foot turning inward, became caught in a depression in the ice and he fell forward 
across his fixed foot When attempting to rise, he felt severe pain m his right ankle 
and noticed that his foot was fixed m an inverted position 

Physical E\ammation The right foot presented an astonishing deformity (Fig i) , 
it was markedly inverted, plantar flexed and displaced inward The inner border of the 
foot was elevated, the outer border depressed and the plantar surface faced the opposite 
foot On the outer side of the foot the lateral malleolus was unusually prominent, and 
anterior to it was a large immovable bony mass, identified as the head of the talus, over 
which the skin was tightly drawn, smooth and tense The body of the talus could be 
palpated on the dorsum of the foot, 111 its normal relation to the tibia, and slight active 
flexion and extension of the foot at the ankle was possible No active or passive inversion 
or eversion was possible, the foot being held in its abnormal varus position as in a vise 
There was considerable swelling about the foot and ankle but the skin was unbroken 

Roentgenogiams (Figs 2, 3, 4) revealed a subtalar dislocation of the inward type 

Treatment One hour after the mjurj’-, under cjclopropane-oxygen anesthesia, closed 
reduction was accomplished Alauipulatwe Tcchmc With the knee flexed in order to 
relax the tendo Achilles, the foot w^as grasped wuth the left hand under the heel and the 
right hand about the metatarsal region, and W'hile steady traction w^as applied downw^ard 
in the axis of the leg, the foot was placed in dorsiflexion and everted, as an assistant 
exerted pressure on the head of the talus As reduction took place, there w'as a sharp 
report which could easily be heard across the room A plaster casing was applied from 
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the toes to the tibial tuberosity, the foot being held at a right angle with the leg and 
neutral to inversion and eversion Examination and roentgenograms (Figs 5, 6, 7) 
showed that satisfactory reduction had been obtained 

Aftet Caic The casing was removed four weeks after reduction and active motion 
of the ankle and foot was encouraged Light weight-bearing was started six weeks, and 
full weight-bearing seven weeks after tlie injury Normal range of subtalar and ankle 
motion returned lapidly, and ten wrecks after the injurj, the patient walked without pain 
or limp, and had leturned to work 



Fig I — Before reduction, showing inversion of the foot and prominent 
head of the talus 


The fit St repotted case of subtalat dislocation was by Hej'^,^'* in 1810 
Before this time the condition w^as confused with midtarsal, complete talar 
and ankle dislocations Cases w^ere reported by Judcy^® and Diifaurets,® m 
1811, and by Sii Astley Coopei,® in 1815 Nelaton,-" in 1835, described a 
dissection of a typical case of the outw^ard type, and, in 1847, gave a detailed 
description of the injury m his Patliologue Chirurgicale Wells,-'* Arnott,^ 
McDonnel,^’’ and Hancock,^^ made early contributions in case reports 

Broca/ m 1852, in an outstanding paper, analysed all reported cases, 
gave the name subastragaloid to the dislocation and described the inward, 
outw'ard and backw^ard types He demonstrated that the talus retains its 
normal relationship m the ankle mortise and that the navicular and calcaneus, 
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together with the othei taisal bones, ate displaced Malgaigne,^^ in 1855, 
described the forward type but considered the talus the dislocated bone and, 
leversing the nomenclatuie of Broca, classified the types according to the 
position of the head of the talus Bi oca’s teiminology is universally used 
to-day, the types of the dislocation being classified accoiding to the position 
taken by the foot and not that taken by the head of the talus 

Quenu,-2 m 1883, described a dissection of a case of the inward type, 
analysed the causes of irreducibihty and wiote on the treatment of all the 
types In 1907, Baumgaitnei and Huguiei,- in a lemaikable treatise, col- 
lected all case reports in the literature, described the mechanism and pathology 



Fig 2 — AP Mew of the 
inkle, showing medial displace 
ment of the foot at the subtalar 
joint Note normal relationship 
of the talus in the tibiofibular 
mortise 



Fig 3 — Oblique view of Fig 4 — Ventrodorsal Mew 

the foot and ankle showing dis of the foot showing the head 
ruption of the talonaviculai of the talus lying o\er the 
joint calcaneocuboid articulation 


aftei experimental pioduction of the dislocation and discussed the tieatment 
of the various types This paper and that of Broca are classics in the htera- 
tuie of the subject Reismann’s-"^ repoit, in 1907, analysed the mechanism of 
the injury and desciibed in detail the anatomy and physiology of the sub- 
talar joint Thienhaus,-® in 1907, Mooie,^® in 1922, and Shands,-® in 1927, 
have wntlen excellent papeis m English 

Pathology In typical dislocations of the mwa'id type, the head of the 
talus IS completely separated from the navicular and lies at the lateial side 
of the foot on the supeiioi suiface of the cuboid The extensor tendons are 
medial to, and the cruciate ciural ligament beneath, the head of the talus 
The calcaneous is displaced inwaid Ligamentous damage is extensive with 
lupture of the dorsal talonavicular, the interosseous talocalcaneal, the anterior 
and lateral talocalcaneal and the anteiior talofibular ligaments Rupture of 
the powerful interosseous talocalcaneal ligament is essential to the production 
of the dislocation In the ouhva) d type, the head of the talus lies on the medial 
side of the foot in relation to the inner surface of the naviculai, while the 
calcaneus is displaced ontvard In the hackzvaid type, the calcaneus is dis- 
placed backwaid and the head of the talus rests upon the superior surface 
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of the navicular In the joiwaid type, the calcaneous is displaced forward 
and the head of the talus rests upon its superior surface 

Compound dislocations with protrusion of the head of the talus occur 
frequently Dehoey’^ collected 26 compound dislocations of all types Necrosis 


Fig s 


Fig 6 



Fig 7 



Fig 5 — After reduction 

Fir 6 — Aftei reduction lateral new of the foot and ankle 
Fig 7 — After reduction AP \ie\\ of the foot showing 
normal talonavicular articulation 


of the skin tightly sti etched over the head of 
the talus, resulting m a compound wound, 
occuis as a complication of late reduction 
In Larget's^*’ case, skin necrosis developed 
four hours after the injury 

A careful search of the literature reveals 
ten cases of subtalar dislocation leported 
since Shands’ collection m 1927 There are 


seven dislocations of the inwai d type and three of the outward type , tin ee are 
compound and two have associated fractures A shoit synopsis of these case 


reports is appended 


REPOKT OF TEN CASES OP SUBTALAR DISLOCATION 
From the Literature Since 1927 

Case I 23 — A female, age 40, getting off her bicycle stepped in a hole in the street Examination 
showed the left foot to be fixed in in\ersion The head of the talus was prominent on the outer border 
of the foot Roentgenograms showed a subtalar dislocation of the inward type 
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Treatment — Closed reduction 

Result — Normal ankle and foot movements 

Case 2 25 — Male, age 47 While riding a bic>cle, the patient was struck and run over by an auto 
mobile Examination showed the left foot to be in extreme supination The skin on the lateral aspect 
of the dorsum of the foot was tightly stretched over the prominent lateral malleolus and the head of 
the talus Roentgenograms showed a subtalai dislocation of the inward type 
Treatment — Closed reduction 
Result — Noimal foot and ankle movements 

Case 3 21 — Male, age 39, jumped into a trench Examination revealed the left foot to be fixed in 
a marked varus position There was a large, dirty wound on the lateral aspect of the foot through 
which the head of the talus and the lateral malleolus protruded 
Treatment — Astragalectomy 

Result — Excellent functional result, with motion at the new' tibiotarsal articulation 
Case 4 5 — Female, age 72, fell on her inverted right foot into a pit three feet deep The foot 
was immobilized in plaster without reduction One month later roentgenograms showed that reduction 
had not been made and examination revealed the foot to be fixed in marked supination and plantar 
flexion The head of the talus w as prominent on the outer border of the foot Roentgenograms showed 
a subtalar dislocation of the inward type 

Treatment — Closed reduction with the aid of an Esmarch bandage 
Result — Noimal foot and ankle motions 

Case 5 10 — Male, age 35, while pushing on the foot brake of liis car, crashed into the rear of a 
truck Examination showed the foot to be in marked inversion with slight plantar flexion There was 
a prominence in the region of the lateral malleolus Roentgenograms revealed a subtalar dislocation of 
the inward type with a fracture of the body of the talus 
Treatment — Closed reduction 
Result — Complete return of joint function 

Case 6 23 — Male, age 53, slipped from a stepladder and fell to the floor Evarntnatwn showed the 
typical findings of a subtalar dislocation of the inward type 
Treatment — Closed reduction 
Result — Normal motions of the foot and ankle 

Case 7 3 — Jlale, age 39, slipped off a chair falling on his left ankle Examination The left foot 
was fixed in an equinovarus position The lateral malleolus was prominent almost piercing the skin 
and the head of the talus presented at the outer aspect of the foot Roentgenograms revealed a sub 
talar dislocation of the inward type 
Trcetmcnt — Closed reduction 
Result — Complete return of joint function 

Case 8 23 — Female, age 20 The patient fell six feet from a trapeze, landing on her right foot 
Eiamination levealed the right foot to be in an exaggerated pronated position The head of the talus 
protruded through a wound on the inner side of the foot, below and anterior to the medial malleolus 
The tendon of the tibnlis posterior was seen in the wound, lying on the superior surface of the head 
of the talus preventing reduction 

Treatment — Debridement and open reduction 

Result — There was complete loss of subtalar motion, but ankle motion w as w ithin normal range 
Case 9 12 — Female, age 62, tripped on the metal guard of a street car step and her left foot came 
down forcibly on the step below in a pronated position She noted that her foot was turned markedly 
outward Roentgenograms revealed a subtalar dislocation of the outward type with associated fractures 
of the cuboid and lateral malleolus 
Treatment — Closed reduction 

Result — There was so per cent limitation of inversion and eversion of the foot 
Case roll — Male, young, received a blow on the outer suiface of his right foot at the level of the 
lateral malleolus Examination showed a large wound on the inner side of the foot, extending from 
the medial malleolus backward to the teiido Achilles The foot was rotated so that its plantar surface 
presented outward, with its inner border depressed The talus retained its normal relationship with 
the ankle mortise 

Treatment — Debridement and open reduction 

Result — Normal ankle motion There was considerable limitation of inversion and eversion of the 

foot 


Ticaiinent In simple, eaily cases, closed reduction is usually leadily ac- 
complished by traction and manipulation — the method of i eduction depending 
upon the t}pe of dislocation under treatment Geneial or spinal anesthesia is 
necessary, and the knee should be flexed in order to relax the calf muscles 
Imvaid Type Reduction is obtained by traction dounuard m the axis 
of tlie leg and the foot is dorsiflexed As pressure is exeited on the head 
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of the talus, the foot is everted If sufficient traction cannot be obtained by 
grasping the foot, a Kiischner wire through the calcaneus will make a more 
powerful pull possible 

Oxitzvmd Type Reduction is performed by similai downward traction, 
the foot being mvei ted as pi essure is exerted on the head of the talus Cases 
of this type, m which i eduction is pi evented by the tendon of the tibialis pos- 
terior may be successfully reduced, at times, if the foot is forcibly dorsiflexed 
in Older to relax this tendon 

Backzvaxd Type Reduction of dislocations of this type is accomplished by 
the method desciibed by Destot ® The foot is forced into extieme plantar 
flexion and, as forward traction is placed on the calcaneus, the head of the 
talus IS piessed into its noimal lelationship with the naviculai 

Foiimid Type Broca’s"* case is the only one m the literature m which 
closed 1 eduction was successful He applied downward traction on the foot 
to disengage the calcaneus from beneath the talus and then pulled the foot 
backward Cases of this t3^pe reported Thienhaus-® and Smith-’ Mere 
old and both required open reduction 

Arthrotomy is indicated when closed reduction is unsuccessful The in- 
cision is made diiectl}'^ over the piominent talar head and the cause of the 
irreducibihty is lemoved The ciuciate crural ligament, drawn tightly about 
the head of the talus, is the most fiequent cause of unsuccessful reduction in 
dislocations of the inward type The tendon of the tibialis posterior, lying 
upon the neck of the talus and between it and the navicular, frequently makes 
reduction impossible m dislocations of the outward type Division of this 
tendon may be necessary 

Late, unreduced cases, m which treatment has been delayed and de- 
generation of the articular cartilage has developed, are best treated by talo- 
calcaneal and talonavicular arthrodesis after open reduction, as suggested 
by Wilson However, Clavel’s'* case (Case 4), which was unreduced for 
four weeks, demonstrates that a good result may be obtained m a late case 
by simple, closed reduction 

Compound subtalar dislocations were formerly treated by excision of the 
talus With the development of better methods of handling compound 
Avounds, these injuries can no\v be safely treated by careful debridement, 
reduction and immobilization Excision of the talus should be reserved for 
late, infected cases, and for those associated ivith a badlj' comminuted frac- 
ture of the talus 
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THE THREE PHASES 

The fact which strikingly dominates the evolutional y histoiy of surgery 
IS that of the battle of the surgeons against the infection of suigical wounds 

With respect to the fundamental phenomenon of the healing of the opera- 
tive wound, this battle can be clearly divided into thiee periods 

The fi)sf phase, which has lasted foi centuries, is characterized by the 
ignoiance of the existence of microbes 

This was the period of “healing by secondaiy intention” the systematic 
suppuiation of the wound, with its teriible consequences — septicemia, pyemia, 
gas gangrene, tetanus, etc 

The second phase makes its appeal ance with the first notions of the 
existence of bacteria , it is characterized by the possibility which the surgeons 
have had to control partially, by means of the methods of Listei and of Ter- 
rier, the action of bacteria on the operative wound It is fui ther characterized 
by the appearance of “healing by primary intention,” m direct i elation with 
surgical results which are extraoi diiiary in compaiison with those of the 
piecedmg peiiod 

Without looking more closely at the reveise of the medal, and despite 
the statement of Pasteur m 1865 “I shall have to fear only the germs of the 
air, suspended around the patient’s bed,” one eris m believing m healing by 
primary intention on the basis that the wounds eventually may show no 
contamination 

Nevertheless, to such an extent was this belief held, that when, in July, 
1935, I stated before the Surgical Academy of France “We knew healing 
by pi unary intention only under its septic aspect, necessaiily followed by 
an inflammatory reaction,” although repiesenting the tiuth, the Academy 
considered this to be heresy, and stated in ordei to safeguaid its responsibil- 
ity “The office wishes to point out that the authors fully retain the 
responsibility foi their writings ” 

Evei3'one should neveitheless know that healing by primary intention 
takes place, as I have already remarked, in the mouth, the nose, the intestine, 
the anus, etc , j e , m a septic medium The constant contamination of the 
opeiative wound which heals by primary intention is an incontrovertible fact 
One ahiays operates with instruments and material which are contaminated 
aftei having been carefully sterilized m the autoclave To demonstrate this 
fact one has only to cover the surgical equipment with agar and expose it 
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to the an in an opeiatnig room Aftei incubation, numeious bacterial colonies 
aie found to be present (Fig i) 

Howevei, it is hardly necessaiy to go out of one’s way to this extent, 
since we all know that chasing flies m the opeiatnig loom is pait and parcel 
of the so-called aseptic operative pioceduie, a fact to which I believe I fiist 



Fig t — Bncternl colonies growing on surgical equipment which was 
steiilized bj autoclave, covered with agar, and exposed to the air in an 
o])erating room 


called attention in a paper entitled “Aseptic Method and Fly -Tennis” but, 
as I discoveied latei, it had already been commented on by others 

The inflammatory reaction of the wound is visible to the naked eye through 
ledness, edema, and the existence of bacteiia m the seropurulent dioplets 
situated where the sutuies entei and leave This contamination is easy to 
demonstrate bactei lologically and by means of sections which reveal the 
existence of bacteiia m the depths of the tissues 

Fuitheimore, when the operative wound is reopened during the course 
of cicati ization — and we are leferiing non to wounds which are healing 
by piimaiy intention — one obseives a puiulent appearance of the healing 
tissue 

Healing by piimaiy intention is in leality a state of unstable equilibrium 
which IS the consequence of phenomena of infection On the one hand, A\e 
ha^e the contamination of the operative ^\ound (quantity, charactei, and 
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degree of virulence of the bacteiia), and on the other hand, the defensive 
reaction of the organism (general and local immunity) 

At the piesent time, these facts completely escape oui attention 
Because of these facts, healing by primar}'^ intention evolves, unpredict- 
abl)'’, either in the diiection of its completion oi in the direction of suppuration, 
i e , secondary intention, or more serious complications 

Healing by primary intention must, therefore, be regarded as the healing of 
a contaminated wound, the closure of which takes place by direct juxta- 



FiC 2 — This cut IS reproduced from the hook Intracraiital Tumors Bj Professor Bailej 
of Chicago One sees a nurse hunting flies during the operation' The cut antedates (1933) 
the one iihich I published in 1936 111 my paper Aseptic Method and Ft^ Tennis 


position, and which is in general characterized by (i) An inflammatory re- 
action, (2) the fact that hematomata suppurate readily, (3) a marked 
lack of tolerance for foreign bodies which remain in the organism , (4) the 
more or less frequent necessity of drainage, i e , of an evacuating agent 
which IS at the same time a contaminating agent 

In practice, it is important to know the result of this permanent and 
inevitable state of contamination of the operative wound by an aseptic method 
associated with the presence of bacteria, a method which contains a funda- 
mental source of error 

It is quite obvious that a postoperative period based on this state of 
unstable equilibrium requires constant vigilance, because of the possibility 
of accidents 

I believe I am justified in stating that 90 per cent of what is called 
the postoperatne illness is merely due to infection 

In a summarizing review piesented before the Surgical Academy of 
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Fiance on the tenth of July, 1935, and based on the recent statistics of sur- 
geons m all countiies whose quality and capacity aie beyond doubt, I have 
called attention for the first time to the long and impressive series of opeia- 
tive accidents and incidents based on the fundamental fact of the permanent 
contamination of the operative wound I have 1 emvestigated all the souices 
of contamination— the patient’s skin, the surgical equipment, the atmospheric 
air — and I have shown that, 111 the present state of sui gery, it is the contamina- 
tion of the an to which must be attiibuted the gieat majoiity of these 
accidents These accidents luii the gamut fiom a simple extrusion of 
sutuies to the death of the patient 

We have to deal with suppuration, eventration, and evisceiation as a 
lesult of the lupture of the body wall, with failures m the cuie of eventi ations, 
with peiitomtis, with osteomyelitis and aithiitis m bone suigeiy, with 
empyema m thoiacic surgeiy, with meningitis m neuiosuigeiy , with con- 
tamination of the cerebiospinal fluid as a lesult of spinal anesthesia, and 
with the contamination of tissues 111 local anesthesia, as w^ell as wuth septicemia, 
gas gangiene, cases of tetanus, etc , all this consideied, as much as possible, 
without other factors of contamination {loc cit ) 

This list IS w^oith consulting, foi, although condensed heie, it occupies 
about ten pages 

It repiesents the definitive and mcontroveitible demonstiation of the 
failuie of the usual method, which was oiigmally cieated m France by Teirier 
and which has been designated as aseptic, and wt aie thus made to realize 
to what extent an operation, undei these ciicumstances, is a test of the 
power of the oiganism to resist infection, and how much it is to be desired 
not to submit the patient to this test 

Leriche, ivho has seen me operate and who has himself opeiated by my 
method at Rio de Janeiro, has appropi lately said ‘T have weighed all the 
theoretical objections wdnch one can possibly laise against Gudin’s method 
difficulty, inconvenience, uselessness, expense Not one of these is valid We 
must not forget that in Lister’s time, also, one did not believe that it was 
necessary to change anything m the traditional piactice of surgeiy All was 
w^ell, because it was being done How many terrible failures there were, 
nevertheless ' And, more 1 ecently, have we not seen many surgeons declare 
themselves against the use of masks and gloves^ Man, even if he is a sur- 
geon, IS an animal who succumbs to habit formation ” 

The fJwd phase is total sterilization, the only piocedure permitting integral 
asepsis, which has allowed me to demonstrate a type of healing previously 
unknown — Pasteurian cicati ization, which piofoundly modifies the operative 
results and is the basis of the third phase of suigery 

THE EXOGENOUS FACTORS OF OPERATIVE CONTAMINATION 

These elements aie the patient’s skin, the surgeon’s hands, the patient’s 
and suigeon’s peispiiation, the operative equipment, and the an 

The Skin of the Patient — The disinfection of the skin with tincture of 
iodine, which had been employed empirically foi a long time, was studied 
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scientiiicall}'- by Walther in 1909 (Bull et Mem de la Soc Nat de Chir , 
Congres Inter de Chir de Pans, 1910), by means of histologic sections which 
were impregnated with silver nitrate and which, thiough the formation of 
the iodide, made possible the obseivation that the iodine penetrates the en- 
tire thickness of the epideimis and the superficial layeis of the dermis, the 
sebaceous and sweat glands, and the penpheiy of the hair follicles 

However, when the time came to demonstrate by means of inoculations, 
that living hacteiia weie no loiigei present, the contamination of the an. 
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Fig 3 — The Total Sterilizer One hour suffices for the sterilization of all the material required 
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inevitable with the oidmaiy hacteiiologic methods, has vitiated the lesults, 
thus leaving 100m foi doulit 

The reason is that these experiments, like many others, aie above the 
possibilities of present-day bacteriology, whether it is a matter of sampling 
of material for culture, or of inoculation, transfer, or tissue culture, or of 
any othei bactenologic technic, contamination by the air has always remained 
the stumbling block in bacteriology, an insurmountable one when certain 
demonstrations are attv.mpted, for it has never been possible to work freely, 
in sterile air 

The problem of the sterilization of the skin had not been solved, therefore, 
hut has remained of the greatest surgical importance, and attempts had to 
be made to find an answer 

This IS why I have again undertaken these experiments, this time under 
the protection from contamination by air, and they have enabled me to 
arrive at the following conclusion The normal, healthy, accessible skin (the 
umbilicus IS inaccessible, wnthout anesthesia), wnthout callosities, carefully 
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fieed of fat by means of benzine, and tieated foi at least ten minutes with a 
freshly piepaied lo pei cent solution of iodine, is and remains perfectly 
steiile 

While one must be veiy caieful to completely lemove the tincture of 
iodine foi cultuie expeiiments, it is quite unnecessaiy to do this foi surgical 
operations if freshly piepaied tinctuie is used 

The Hands — The practical solution which alone permits to keep the skin 
of the hands in peifect condition consists, fiist of all, in avoiding their con- 
tamination. and subsequently m sciubbing them very caiefully foi at least 
ten minutes with hot water and sterile soap, without an antiseptic 

In piolongmg this pioceduie foi moie than a half houi, one can achieve 
a real steiilization of the hands, as has been shown by Delbet and Ravaut 
111 1904 (Bull Soc Nat de Chii ) 



Fig 4 — Plan of the lower floor of the operating unit with sterile airtight 
compartments of the two floor operating room i and 2 — Surgeon’s entrance 3 
and 4 — Patient’s entrance 5 — Operating room 6 — Professor’s room 7 — As 
sistants’ room 8 — -Room where the patient is undressed The portion which is 
indicated in black is that which is sterilized 

The) demonstrated at this time that the hands lemained sterile when 
prepared in this mannei and m ei e covei ed by gloves, but that the lattei were 
not stei lie, because of then exposure to the air I But the hands do not 
lesist a daily treatment of this soit In piactice, as far as dressing and putting 
on gloves aie concerned, one must proceed as if the hands weie septic 

Szveafwg — No asepsis is possible if the patient oi the suigeon pei spues 
In this connection, the use of conditioned an is imperative 

The Opeiative Equipment — The sterilization of watei, instiuments, gloves, 
sponges, sutures, earned out according to a rigoious technic, taken by 
Itself, leaves nothing to be desiied 

As far as catgut is concerned, this material is the source of numerous 
opeiative annoyances, as has alieady been pointed out by Kauffmann and 
Galea who studied the causes of postoperative tetanus (Jour de Chir , Feb- 
ruary, 1932) This souice must be sought elsewhere Always sterile if it is 
tiansfeired from sealed tubes into the cultuie broth in steiile air, as I have 
had occasion to observe in numeious trials, it produces cultures as soon as 
it is exposed to the air, just as any other surgical equipment It cannot be 
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doubted that by viitue of being wet it attiacts a much laigei number of 
bacteiia than silk or linen thieads, which are dry 

As regal ds the question of postopeiatne tetanus in connection with opera- 
tions without endogenous septic focus, the only suipiising thing is the 
raiity of its occuiience, Avhich must eviden% be attiibuted to the fastidious 
lequiiements of an anaeiobic organism like the bacillus of Nicolaier The 
piesence of tetanus bacilli m opeiatmg looms is frequent It is easy to see 
Avith what impunity opeiatmg lOoms aie soiled by diit earned m on the 

shoes of assistants It is not from the point of 
view ot contamination that I consider catgut as 
an undesiiable thiead, while opeiatmg m a sterile 
medium, hut because it is lesoibable and there- 
foi e lacks solidity Tbei efoi e I use it only excep- 
tionally, namely, m septic cases or when othei 
sutuies would lun the iisk of undei going a 
process of incrustation 

The An m {he Opeiatmg Rooms — The an is 
the source of contamination wdiich it has not been 
possible to control The construction of opeiat- 
mg looms wuth mateiial wdneh is easily w^ashable, 
wnth rounded corners and a few'^ othei provisions, 
contribute veiy little to the battle against an ele- 
ment wdiich is so subtle and mobile, and wdiich 
sui rounds us everywdiere 

It consequently repiesents a permanent factor 
of contamination of the operative w'ound, unless 
it IS steiile 

It acts (i) Thiough the bacteiia ivliich are 
suspended in the room an , (2) by the dis- 
placement of those AAhich aie deposited every- 
wdieie, (3) by tbe carnage of bacteria into 
the loom by all peisons, vehicles, and material 
coming from the outside, (4) as a earner of bacteiia fiom tbe lespiiatory 
pathw'ays and mouth of those wdio talk, sneeze, and cough, ei'^en when they 
are protected b)'^ a mask, (5) uiidei the influence of conditions of tempera- 
ture, of cui rents, of the piesence of w'atei, wdiich one finds 111 the form of 
vapor, drops of Flugge, niicioscopic dioplets of Trillat (of the Institut Pas- 
teur), wdiich, because less than one niicion 111 diametei, escape almost en- 
tirely the action of giavity, wdiile containing “ahmentai y gases” wdiich sustain 
life and reproduction of oiganisnis The lattei aie easily tiansported along 
gieat distances and wuthout difficult) penetiate the pulmonary alveoli, in 
spite of the defensive apparatus of the lespiratory tiact, wdiich is noimally 
effectn^e against bacteiia wdiich piesent themselves under diffeient conditions 
(Trillat, C R de TAcad des Sci Sui les Conditions de Transpoit des 
Microbes de 1 Air, 1913, Influence de rHumidite, 1920, Activite de ITn- 
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fectioii par les Voies Aeiiennes, 1921 and 1925) Influence des Agents Ex- 
teneuis sur la Contagion, Rev d’Hygiene, June, 1932) 

About 30 01 more yeais ago, Miquel, Muller, Flugge, Lafolie, Fouinier, 
Saitoiy, and Tuffiei studied the bacteria in opeiatmg looms, more recent 



Fig 6 — The openting lOom is \erj low, a \er3 close Mew is obtainable directi> 
down upon the operative field which fact enables one to see the operatue details, so 
that the students reallj spend their time profitablj 


work has merely confiimed the data contributed by them It was shown 
that the predominating pathogen is the staphylococcus, and others which 
were found aie the stieptococci, the colon bacillus, the pneumococcus, the 
tubeicle bacillus, the tetanus bacillus, as well as othei anaeiobes, according to 
circumstances (Kole and Wassermann) 
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The most impoitant work on this subject, however, which has since 
been confirmed by numerous authors, was that of Quemu and Landel (1902) 
who, after two yeais of much laborious reseaich, published an important 
memoir m Bull et Mem de la Soc de Chir de Pans, undei the title Micro- 
organismes de I’Air dans les Salles d’Opeiations Recherche d’un Piocede 
de Desmfection 

They have shown ( i ) That agar plates of a sui face of 65 cm -, exposed 
for an average duiation of ten minutes, give an aveiage of 80 colonies pei 
plate, (2) that this number is tiipled or quadrupled as soon as assistants, 
wearing sterilized gowns, enter the room, (3) that when a certain quantity 
of dust collected m the room is injected into guinea-pigs, abscesses, phlegmons, 
and septicemia are produced, m confirmation of the older expeiiments of 
Miquel, one of Pasteur’s students, who duimg a period of 30 yeais had 
studied the problem of the atmospheiic bacteria so well that veiy little has 
since then been added 

Flugge, using Mia ococcus jeiingmosiis, has shown that even when one 
speaks with a low voice, without a mask one contaminates agai plates at a 
distance of several meters 

Numeious investigatois have demonstiated with sufficient probability 
(considering that these experiments have a chaiacter of piecision only in a 
sterile atmospheie) that even while weaiing a mask the suigeon who talks 
contaminates plates at a distance 

I have observed — and this obseivation is possible only m a sterile atmos- 
phere — that the surgeon whose face is well coveied and who breathes norm- 
ally does not contaminate the atmospheie if he does not talk 

The question of the contamination of the mask is a delicate one The 
mask is always foicibly contaminated — fiist of all by the skin of the face if 
one forgets to sterilize it (as I have seen happen in the experiments which 
I know of), and, secondly, by contact with the mouth and the external nares, 
which legions cannot be sterilized 

The local contamination of the mask is not necessaiily followed by that 
of the atmospheie 

The pioblem of the contamination of the air has been based on the con- 
ception of Lister who, at a time when the pyogenic bacteria were still un- 
known, was able to point out the analogies between the phenomena of 
infection and those of fermentation, which latter Pasteui had just demon- 
strated (1864) 

Since the contamination of the an may be the lesult of vaiious factors, 
and since furthei study results only in confusion the great majority of 
suigeons finally believed very little 01 not at all m atmospheric contamination 

The statement made b)^ Kauffmann and Gallea (Joe at ) “Present-day 
sterilization and the use of gloves makes impossible the transfer of germs 
from the hands or the instruments of the surgeons,” corresponds to the gen- 
eral conviction which, as I showed alieady m 1930 (Gudin Pi esse Med, 
April 16, 1940 — Methode Operatoire Steiile), but is quite eironeous 
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THE REASON FOR THE FAILURE OP THE ATTEMPTS MADE TO 
STERILIZE THE AIR OF OPERATING ROOMS 

It IS impossible to introduce a steiile substance into a container contam- 
inated by bacteiia without contamination of the substance 

It IS just as impossible to steiilize any substance in a containei if the 
piocess of steiilization does not succeed in steiilizing container and content 
simultaneously 

The disiegaid of these two fundamental bactei lologic facts is the leason 
foi the failuie of all attempts made to steiihze the air m operating rooms 

In all these attempts one has never thought of using the means necessaiy 
for avoiding the contamination of the loom, as Leiiche has appi opriately 
pointed out in his communication to the Royal College of Suigeons of 
London (Apiil 5, 1939) 

It IS, theiefoie, useless to analyze and discuss in detail the numerous 
piocesses, all of which are vitiated by this fundamental erior, such as filia- 
tion thiough various substances (Bellangei, Trenel, etc), the passage of 
the air thiough metallic gauze heated by electiicity (Sartory) , filtration 
thiough piecipitation of dust by the action of high-tension cui rents (an 
Ameiican industiial Cottiel piocess for the puiification of smoke, proposed 
in France in 1938 for operating rooms by Pauthenier and Volkrmger) , the 
industiial process of “an washing” by means of antiseptic solutions (Gosset 
and others) , the decantation of dust thiough a cloud of vapoi (tiled by 
Teiiiei a long time ago and lecently vainly revived by Masmonteil ini 
Fiance) , the hydiogen pei oxide spiay (Quenu, 1902) , the f 01 mol tieatment 
followed by the introduction of outside an (Flugge in Germany and Four- 
niei in France, 1904) , the use of ultiaviolet lays, etc , without even speak- 
ing of the initial piocess of Lister’s caibolic acid spiay (1865) 

As regards the attempts at steiilization by means of watei vapor under 
pressuie, made m Italy a long time ago, it is superfluous to speak about them 
any furthei 

Steiilization by means of ultiaviolet lays, which at the present time still 
mteiests a few suigeons, has seiiously occupied my attention since the be- 
ginning of my investigations I mentioned this m my first paper on the 
subject, in 1930 (Gudin Presse Med, Apiil 15, 1930 — Methode Opeiatoire 
Steiile), saying “As a physical agent, ultraviolet rays suggest themselves 
automatically, but m then connection theie still aie pioblems to be solved 
m oidei to be able to steiihze perfectly not only the air — which is easy — ■ 
but also the entiie suigical eiivii onment ” 

Finally, aftei all soits of hopes, I have ai lived at the firm conviction 
that it is m no way possible to bung about total steiilization by means of 
ultraviolet rays, simply because, despite all possible “cioss-finng,” one does 
not succeed in sterilizing container as well as content, a sine qua non This 
leinams an incontioveitible fact 

But ultraviolet rays, nevei theless, remain a valuable aid if — as I have 
done. 111 1928, 111 the fiist opeiating 100111 with water-tight sterilizable par- 
titions which I built 111 the Gaffre-Guiiile Hospital in Rio de Janeiio— one 
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places a senes of ultiaviolel lamps into the air-conditioning conduit, or if — 
as I am doing at the piesent time — one places the lamps into the air-con- 
ditionmg appaiatus, taking caie, however, to absoib the liberated ozone by- 
means of charcoal 


INTEGRAL ASEPSIS 

The method which I have conceived foi avoiding exogenous opeiativc 
contamination is based upon thiee fundamental factois (i) Obtaining a 
peifectly steiile opeiating loom, containing all the surgical ecfuipment, (2) 
employing all necessary means foi avoiding the contamination of the air in 
this opeiating 100m and of the suigical equipment contained 111 the lattei , 
(3) knownng how to execute the opeiation veiy piecisely according to scien- 
tific bactenologic pimciples 

The fiist condition is leahzed b}'^ the piocess of sterilization wdiich I 
invented in 1929 and wdnch is based on the action of chemical agents — 
gaseous as well as in aqueous solution — thiough the medium of an apparatus 
(“the total steiihzei”) wdnch is enclosed in a hermetically sealed operating 
loom and electrically conti oiled fiom the outside, this apparatus can auto- 
matically maintain the conditions of tempeiature and humidity of the air 
in this loom, wnthout the intioduction of outside air This appaiatus con- 
sists of seveial flasks containing the chemical substances, of a large pan con- 
taining a solution thiough which an is bubbled, and of special equipment 
foi conditioning the an The steiilizmg agent is formaldehyde which is 
evapoiated fiom a foi malm solution, in amounts pioportional to the size of 
the loom, in an atmosphere satuiated wnth moisture and vigorously agitated 
by pow^eiful fans It is obvious that no living being can entei the room 
which is thus satuiated with this toxic agent The lattei must, theiefore, be 
removed This is done b}^ the neutralization of the formaldehyde Am- 
monia IS evapoiated in requiied amounts 

This substance combines wnth the foimaldehyde in the air, and the 
atmosphere then contains hexamethylene-tetramine wnth an excess of am- 
monia and, therefore, does still not allow' respiiation 

Foi the removal of these chemicals fiom the an, the latter is bubbled 
through a solution of taitaiic acid by means of a rotary compiessor, and the 
air-conditioning appaiatus is put into opeiation 

Hexamethylene-teti amine is soluble in the watei, and the ammonia com- 
bines with the tartaric acid, foiming ammonium tartiate, which is also soluble 
111 w'ater 

One thus obtains steiile an which can be freely bieathed, a fact of para- 
mount impoitance, on which lests the solution of the problem of integral 
asepsis 

Testing the Steitlity of the An — This lequiies a special technic, for it is 
impossible to introduce agar plates into the opeiating 100111 from the outside 
because they aie contaminated and w'ould cany 111 bacteria, and fuitheimore 
the aspiration of a few' liters of an does not provide a sufficient guaranty 
The follow'ing test has been made and repeated a number of times (i) 

462 



Volume 115 
Iv umber 3 


THIRD PHASE OF SURGERY 



Fig 7 — Reproduction of an internal view of the Gudin sterile operating unit exhibited in actual dimensions, 
1)1 the Surgical Academy of France at the Palace of Discoaery at the Intern itional Exposition of Pans, in 1937 {La 
CliDuinw Bi Gosset, Fredet, and Jlonod, Masson & Co, publisliers) 



Fig 8— The chemical sterilization of the surgical equipment, the wire shehes 
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Agar plates are placed into the room , they are prepared in such a way that 
the gases do not come into contact with the agai With this end in view, 
a small Petri dish containing agar is placed into a larger one not containing 
agar and is carefully suiiounded with cotton The whole is sterilized in the 
autoclave and is then placed into the loom befoie the lattei is steiilized (2) 
After stei ihzation one enters the 100m, ohseivmg the precautions already 
described for avoiding contamination, and one opens the plates, which are 
then exposed for an hour or moie to the powerful an curients produced by 
the fans One thus circumvents the erroi which may arise fiom the existence 
of Tnllat’s droplets which, in piinciple, must disappear by virtue of the effect 
of the saturation with moisture and of the agitation of the an during steriliza- 
tion (3) The plates are now closed with the same precautions which weie 
taken when they were opened (4) Out of six plates, two are exposed to the 
outside air, in order to make sure that the foimaldehyde has not penetrated 
and impregnated the agar (5) Transfei to the incubator 

The lesult is always the same — four plates aie steiile, and two are con- 
taminated by the outside air 

The second condition The operating room is isolated fiom the outside 
by four sterile anterooms — two foi the piepaiation of the surgeons, and 
two for that of the patients — equipped with sterilizing air conditioners 

Surgeons and patients discard all their clothing befoie entering the 
sterile rooms They are dressed in sterile overall gowns which cover the 
entire body, in the manner of diving-suits The spectators are completely 
isolated 

The patient is bi ought into the room, already anesthetized, on a mobile 
operating table, to which the instrument tra3'^s and discard bags aie attached, 
so that the entire unit can he evacuated as a whole to make 100m foi the 
next patient 

Silence must be obseived, foi no mask resists if one speaks in a loud 
voice, or if one coughs or sneezes No surgeons or assistants afflicted with 
upper respiratory infections are allowed into the room 

The hands are washed, in sterile air, with sterile hot water and sterile 
soap, with the aid of several successive sterile brushes, for ten minutes Even 
under these conditions the hands are not sterile The gloves remain steiile 
m a sterile atmosphere as long as they do not come in contact with a non- 
sterile object 

Sweating is prevented by conditioning tbe air 

The patient’s skin is cleansed with benzene, and then treated for at least 
ten minutes with a fleshly prepared 10 per cent iodine solution, which it 
IS generally unnecessary to remove by means of alcohol 

After having resumed the study of the problem under conditions avoiding 
the sources of error which -were inevitable with the ordinary bactenologic 
methods, and having taken samples of skin, macerated them, and innoculated 
them into culture media in sterile air, I have arrived at the conclusion 
that the healthy, normal skin treated by this method is sterilized perfectly 
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BRIEF COMMUNICATIONS AND CASE REPORTS 

CALCIFIED INTRACEREBRAL HEMATOMA 
Everett G Grantham, M D , 

AND 

Edmund A Smolik, M D 

Louisville, Kv 

FROM TllE DEPARTMENT OF SURGER'i, UNI'ERSiTi OF LOUISMLLE SCHOOL OF MEDICINF NEUROSURGICAL SER\ ICE OF 

DR R G SPGRLING, hOXJlSMLhE, 

The case herein reported is that of a large, solitary, spheiical, calcified 
iiitraceiebral hematoma In a seaich of the literature, we weie able to find 
only one similar case which had been verified by opei ation 

Levni^ leported the removal of a calcified mass fiom the left tempoio- 
parietal region which, when sectioned, showed “a laminated calcified mass, 
with tiaces of altered blood pigment, and an amorphous mass with calcifying 
spicules scattered in the substance There is no evidence of tumours or of 
tuberculosis The featui es ai e those of a calcified hematoma ” 

Case Report — F B, colored, male, age 46, was admitted to the Neurosurgical 
Service at the Louisville City Hospital, November 23, 1939, with the chief complaints 
of convulsions and pain in the right e>e 

Piesent Illness — The patient stated that when he was 13 years old he jumped from 
a train, stumbled, and struck his head He was unconscious for 15 or 20 minutes He 
was kept m bed at home, but was not seen bj' a physician He suffered from severe 
headache which lasted for several days To his knowledge there was no nausea or 
vomiting at the time 

About one month after the injur3' he had his first convulsive attack The attacks 
recurred at intervals varying from one or two months apart, to as long as three years 
between attacks He began the use of luminal to control the attacks in 1917 

The patient described the attacks as all beginning with a sense of nervousness 
He became "faintified” and learned to he down immediately upon the occurrence of 
this symptom He then had a peculiar feeling in the left leg followed by twitching and 
spasm of the left leg which then progressed to the left arm and left face Later, he lost 
consciousness and was told that the right side of the body had become involved After 
an attack the patient suffered from frontal headache for a short time 

Since 1935, he has complained of attacks of severe pain in the right eye which radiate 
back toward his right ear This has been more severe recently 

Physical EiammaUon — ^This revealed a well-developed, well-nourished, colored 
male, age 46, who was intelligent and cooperative Weight 160 lbs , temperature 986° 
F , respiration 20 , blood pressure 154/100 The general physical examination was nega- 
tive except for the neurologic findings 

Nemologic Examination — ^This showed a complete left homonymous hemianopsia 
The pupils were equal and reacted to light There was no choking of the optic disks 
or other pathology m the eyeground examination He had good motor power in all 
extremities The superficial and deep reflexes were normal, and there were no pathologic 
reflexes 

* Senior Assistant Resident Surgeon, Louisville City Hospital, University of Louis- 
ville, School of Medicine, Louisville, Kj" 
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Laboiototy Data — The unnaljsis and blood count were within normal limits The 
blood Kahn reaction was negative 

Roentgenologic E'l animation — Roentgenograms of the skull showed a dense, sharply 
defined, slightly irregular shadow in the right posterior parietal area, approximately 
midway between the vertex and base of the skull, and approximately midway between 
the right lateral wall of the skull and the midline This shadow was approximately 4 
cm 111 diameter and its general shape was spherical (Fig i) 



Tio I — Anteroposterior and right lateral views of the skull showing the calcified mass l>ing in the 
right occipital lobe The shadow measured appiovimatelv four centimeters in diameter 

Opeiation — An osteoplastic flap was turned down in tlie right paneto-occipital area 
of the skull The dura was under no tension and was opened along the posterior limb 
of the bone incision The free edge of the dura was turned back to expose the cortex 
over the posterior portion of the parietal lobe and the anterior pait of the occipital lobe 
Inspection showed the cortex over the occipital lobe to be discolored m an area about 
I cm in diameter This was a brownish discoloration instead of the normal grayish 
appearance of the brain Palpation of the cortex revealed a hard mass m this area 
which seemed to be just beneath the coitex in the region of the discolored brain 
and, also, under the cortex of the adjacent paiietal lobe foi a distance of about 3 cm 
A linear incision was planned parallel with the posterior limb of the bone incision to 
cross the discolored cortical tissue Silver clips were placed on two cortical vessels 
and a 3 cm linear incision made m the cortex At a depth of 1 cm the hard dense 
mass was encountered This was found intimatelv adherent to the surrounding brain 
tissue The brain substance was graduallv dissected free from the mass bj^ the use of 
cotton pledgets until the deepest portion of the mass W'as reached At this point the 
ventricle was entered while attempting to separate the mass from the brain tissue, and 
It was found that the mass w'as intimately adherent to the wall of the ventricle wuth 
only 2 or 3 Mm of tissue separating the ventricle from the mass itself By removing 
a portion of the wall of the ventricle the mass was finally freed from the brain and 
lifted out of Its bed The opening into the ventricle w'as at the junction of the posterior 
horn and the atrium, and a good exposure was afforded of the entire lateral ventricle 
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The choroid plexus was lifted up and a silver clip placed in the vessels leading to the 
glomus in order to decrease the production of cerebrospinal fluid 

Pathologic Examination —Gi oss (Dr A J Miller) “The specimen is a spherical 
mass weighing 30 Gm The coloi is dull-white and the consistency is that of stone 
No vessels can be found enteiing the mass The mass is sectioned with a saw There 
IS an outer hard shell 3 to 4 Mm 111 thickness The remaining inner portion is yellowish- 
biown in color and semisolid in consistency, suggesting neciotic blood” 



Fig 2 — Photomicrograph of periphcr> of calcified mass The capsule is 
an old dense, h>ilinized connectne tissue, and the interior is soft gi unions 
material resembling a necrotic blood clot Granules of calcareous salts are 
uidely distributed in aar>ing denslt> Theie is no leukoc>tic infiltiation 

]\IiL) oscopically, “the inner poition stains uniformly with eosin There are numerous 
stiands which aie evidently partly broken down fibrin Quite a number of foims 
that have the appeal ance of cells are noted but there is no differential staining and the 
outlines are not definite The stiucture suggests a necrotic blood clot Here and theie 
aie small diffuse deposits of calcium The capsule is fibiillar but it also is unifoimly 
stained with eosin The fibrils aie arranged parallel to the surface chiefly, and this 
entire outer zone is quite denselj'^ infiltrated with calcium salts The structure suggests 
that organization of the mass was attempted but for some reason was ariested and 
neciosis and calcification followed Clinging to the outei surface are a few small 
masses of biam tissue These show some gliosis and pyknosis of the glial cells There 
IS nothing to suggest tumor growth ” Pathologic Diagnosis “Hematoma, calcified ” 
Postojiciativc Com sc — The patient left the operating room in excellent condition 
Blood pressure 140/96 , pulse 90 , respirations 20 He had conversed with the attendants 
duiiiig the entire operation The second day after operation the patient began to 
show signs of inci easing inti acranial pressure This was relieved by intravenous in- 
jections of 50 per cent suciose three times daily Later, seveial spinal punctures were 
performed to lelieve headache The patient was discharged from the hospital three 
weeks after opeiation He was asked to leport to the Out-Patient Department for 
medication to prevent the recurrence of any convulsions Here, he was given a supply 
of Dilantin and instructed to take 3 gr twice daily 
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SUMMARY 

Large, solitary, mtracerebi al hematoinata aie not a common complication 
of head tiauma Howevei, they are frequent enough to justify consideration 
when the patient presents focal symptoms with increase of intracranial pressure 
following an injuiy to the head In this clinic, six such intracerehial hemor- 
ihages have been removed surgically Piesumably, many of the smallei ones 
are absorbed and the patient lecovers without suigical intervention For one 
to become completely calcified is certainly a lare occurrence 

In the case herein reported, the history indicates cleaily that the hemor- 
rhage into the occipital lobe resulted from head tiauma 33 years prior to ad- 
mission The persistent severe headache immediately following the accident 
followed by focal convulsions one month latei is in keeping with this assump- 
tion 

We do not expect that lemoval of the calcified mass will cuie the convul- 
sive episodes We aie hopeful, however, that the removal will facilitate tieat- 
ment in much the same way that excision of a localized cortical scar facilitates 
the control of convulsions The patient will be encouraged to continue an 
optimal level of sodium diphenyl hj^dantoinate theiapy ovei a period of years 

REFERENCE 

^ Levin, J I Intracerebral Calcification Bnt Jour Surg, 14, 215, 1927 
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HEMORRHAGE INTO THE THYROID GLAND RESULTING 
FROM MUSCULAR EFFORT'' 


REPORT OF A CASE 

William John Ryan, M D 

Philadelphia, Pa 

FROM THE DEPARTMENT OF SDRGERI, ST MARl’s llObPITAl,, PHILADELPHIA, PA 

Almost all adenomatous goiteis removed surgically show hemoirhagic 
aieas as well as a fibrosis, and calcaieous and hyaline degeneration Such 
hemorihages, however, aie piobably only of pathologic interest Even 
the pathologist ignoies them because his interest is more in the cellulai and 
colloid changes which aie primary and related to thyioid function Hemor- 
rhage into the thyioid, seveie enough to cause symptoms, would not appear 
to be a common event A fairly comprehensive leview of the liteiature 
shows very few articles on the subject McGregor and CornetE claim it 
IS a fiequent occurrence, Ballin and Morse- comment on its frequency, yet 
Schwoeiei,^ in a leview of 2,500 thyroid opeiations, found only 18 cases 
of hemoiihage Plummei,^ and later Plummei and Bioders,'’ made a search 
for acute, painful enlaigements of the thyroid at the Mayo Clinic and found 
only 16 cases Of these, m only two was the enlaigement so precipitous, 
leaching its maximum m a few minutes, that it was attiibuted to hemoiihage 
At operation, maiked hemoirhage was found Clute® states that while 
hemorrhage may occui m an adenoma of the thyioid it is rare He reviewed 
his lecent experiences at the Lahey Clinic in order to explain the alarming 
symptoms that sometimes occur in bad goitei cases He cited two cases, and 
believes that during the last ten yeais they had had about six such cases 

In diagnosing the condition, malignancy must be luled out A good his- 
toiy IS most important In some cases, a tumor of the th3T0id had been 
piesent for some tune In others, none had been noted Then, on sudden 
physical exertion, which does not need to be necessarily heavy, pain in the 
neck and a sudden swelling occuried This was usually followed by difficulty 
in swallowing Abscess, though it has been reported, is even more unusual 
than hemorrhage 

Sometimes hemoirhage is so seveie that coma and death ensue even in 
spite of operation WendeP reports a case of ruptuie of the thyioid due 
to gieat hemoirhage m “a man, age 55, who, after straining at defecation, 
had sudden difficulty m swallowing, became unconscious, dyspneic and died 
m spite of emeigency surgery to lemove tension” McGregor and Coinett 
reported a case which also died It was a spontaneous lupture of a cystic 
adenoma in a woman, the hemoirhage ruptuied through the capsule and 
infiltiated the fascial and muscle planes of the neck spieading into the 
mediastinum Von Ziemacki® lepoits a somewhat similar case m a woman, 
with recovery The blood extrav asated anteriorly down to the level of the 
* Presented before the Philadelphia Academy of Surgery, Alay 6, 1940 
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umbilicus A numbei of othei isolated cases aie lepoited but with veiy 
meagei details 

Case Report — B C , white, male, age 45, a motor-truck driver There was no 
previous history of any enlargement in the neck He had had an appendicectomy in 

Fig I 1 iG 3 



Fig 


Fig I — Shows missue litniorrlnge 

Wood clots blood pigment nnd serum in thj 
roid tissue In upper left torn ind isol-ited 
follicles in nnssne cloth'') E\erj where the 
hemorrhage his traiersed the interlohiilar 
septa and rent them asunder In upper right 
organizing clot pi ejects as a wedge toward 
Center of section <'’> 

Fig 2 — Shows colloid h>perplasia with 
giant follicle in upper center Toward the left 
there is a large blood lesstl containing a 
massne clot The walls of the sessel aie 
not intact Loose trabeculae of lobules ap 
pear infiltiated with hemorrhage which has 
separated the lobules To the right of a 
giant follicle there is hemorrhage evtending 
downward The blood has forced the loose 
tissue apart 


Fic 3 — High power Mew of giant fol 
licle showing colloid Inperplasia In upper corner there is one wall of large vessel an inter 
lobular arterj Notice \er> thick fibrotic wall lined with endothelial cells and with fibroblasts and 
spindle cells in the wall This \essel does not appear to he in\olved in the hemorrhage Its 
arteriosclerotic and brittle walls ha\e separated or receded from the lobule producing the gaping 
space noted 


childhood, and a fracture of the ankle about one yeai ago He claimed to have always 
been m good health His occupation alwajs icquired moderately heavy lifting, and, 
occasionally, extremely heavy lifting On August 2, 1938, while unloading bales from 
his truck “he felt something let go in his neck ” He placed his hand there and noted 
a lump His companion also noted it He had no immediate pain but his neck felt 
uncomfortable and he had slight difficulty in swallowing He was seen within a short 
time by his own physician and, later, was examined by another The condition was 
more annoying than disabling He stated that roentgenograms had also been taken of 
his neck We first saw him August 30, 1938 

Physical Examination — The patient was a well-developed, well-nourished, muscular 
individual The first thing noted was that, although he wore a tie, he was unable to 
button the collar of his shirt Examination levealed an enlargement to the left of and 
just below the thvroid cartilage It moved up and down on swallowing and was not 
adherent to the skin It was not tender and no bruit could be heard over it It was 
smooth and was about the size of a hen’s egg Pulse 80, blood pressure 125/75 The 
heart action was regular and of good volume, with no murmurs present His B M R 
however was minus 14 Clinical Diagnosis Hemoiihage into the thyroid gland or into 
a cjstadenoma Operation was not performed, however, until November 14, 1938 — the 
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delay being due to -whetliei or not this case could be considered as a compensable one 
It was finally decided that it was 

Opciatwn- — Under avertin and 2 pei cent novocain, a left lobectomy was performed 
A cystic adenoma was found The cyst contained clear, straw-coloied fluid and old 
blood The postopeiative couise was uncomplicated, and he was able to return to his 
work about six weeks following the operation 

Pathologic Examination — The specimen is the left lobe of a thyroid gland, with 
fibiotic capsule, measuring 8x5x4 cm It contains a cyst over 3 cm 111 diameter near 
the outei or left border The suiface vessels are piomnient and toituous On cut- 
surface, consideiable colloid 111 very fine, pinhead-size, circular follicles can be seen 
Between are aieas of hemoirhage several millimeters to 2 or 3 cm in size The cyst 
contains a clot, dark blown in coloi, 2 cm in diameter It also contains straw-colored 
fluid There is fibrosis and arteriosclerosis of the inteistitial tissues Pathologic 
Diagnosis (i) Inteistitial hyperplasia of thyroid (2) Massive hemorrhage into thy- 
roid (3) Massive hemorrhage into a cystadenoma of thyroid 
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ANOMALOUS DISTRIBUTION OF THE 
EXTRAHEPATIC BILIARY DUCTS 

BEPORT OF A CASE 

Clyde Everett, M D 

AND 

Harold E Macumbeb, MD 

Ci.E\LLAND, Ohio 

FROM TIIF DIMSIONS OF SURGrUl \ND P \T1I01 OCY OF < LF\ F I \M> CITY lIOSsPIT^L, AM) TIIF MLniC\I SCHOOL OF M LbTERN 

RESF U\ L UNIX ERSITY Cl F X I I XND OHIO 

We wish to leport an unusual anomal)' of the extiahepatic biliary tract 
that was recently encountered A seaich through the liteiature levealed one 

Case Report — N Z , white, fe- 
male, age 71, was admitted to City 
Hospital, January 9, 1940, complaining 
of abdominal pain She gave a history 
of recurring attacks of indigestion for 
as long as she could remember, but two 
years before admission they became 
much moie severe Theie was no ac- 
tual pain at this time, but rather a 
burning sensation m the epigastrium 
followed by bloating and belching, and 
later by nausea and vomiting The at- 
tacks usually followed meals, particu- 
larly those containing fatty foods She 
noticed jaundice on several occasions 
but never noticed cla> -colored stools 
Two weeks before admission she began 
to have severe epigastric and right 
upper quadrant pain with persistent 
nausea and vomiting Icterus devel- 
oped foui days later, and had persisted 
to the time of admission There had 
been a weight loss of 65 pounds in the 
last two years There had been no 
other serious illness and no operations 
Physical Examination — The patient was a well-developed but poorly nourished 
white woman, appearing chronicallv ill The skin was loose, inelastic and definitely 
icteric The sclerae had an icteric tint There were a few wheezing rales over both 
lung fields The heart was essentially normal The abdomen was pendulous, with 
tenderness in the right upper quadrant, and the sensation of a mass in that region Pelvic 
and rectal examination gave no additional information Red blood count 4,250,000, with 
85 per cent hemoglobin, 17,400 XV B C The urine showed traces of bile and an occa- 
sional pus cell The stools were all dark brown or green Blood urea nitrogen 8 5 mg , 
icteric index 21 , blood cholesterol 250 The Kline test was neg-'tive 

Roentgenologic Examination — Studies of the gallbladder and upper gastro-intestinal 
tract (Figs i and 2) showed several small shadows in the region of the duodenal cap, 
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similai but slightly cliff eient condition 



Fig I — Barium study of the stomach and duodenum 
show ins the passage of the barium into the biliary ducts 
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which seemed to be due to the passage of barium into the biliary passages The gall- 
bladder did not visualize Theie was slight spasm of the pyloius but otherwise the 
stomach and duodenum appealed normal A plain roentgenogram of the abdomen 
showed no definite evidence of an abnoimal soft tissue mass or of calculi A roentgeno- 
giam of the chest showed the heait to 


be slightly enlarged 

Several diagnoses were suggested 
in view of the peculiar roentgeno- 
giaphic findings (i) Cholecystodu- 
odenal fistula from ulceiation of a 
biliary stone, (2) carcinoma of the 
ampulla or of the head of the panel eas , 
and (3) chionic cholecystitis with 
cholehtlwasis 

Opciatwn — Celiotomy The gal'- 
bladdei could not be found The com 
mon duct was dilated but no stones 
weie palpated, the duct was not 
opened The stomach and duodenum 



appeared normal The abdomen was ^ — Obhque view showing the biliary ducts 

dosed without fuither pi Qcedure The outlined by banum In retrospect, this view shows two 

blanches of the common duct, the one emptying into the 
patient did not tolerate the opeiation stomach and the othei into the duodenum 


well, and the couise was complicated 


by dehiscence of the wound on the fifth 
postoperative day, and evisceration 
She died on the fouiteenth postopera- 
tive day 

Autopsy — The hvei was found to 
be essentially normal A single hepatic 
duct emerged fiom each of the two 
lateral lobes These joined immedi- 
ately, to foim a single mam hepatic 
duct which was gieatly dilated, obtain- 
ing a maximum cn cumf erence of 31 
Mm Four centimeters from the hilum 



of the liver this duct divided into two 
blanches One branch emptied into 
the second portion of the duodenum at 
the ampulla of Vater, in common with 
the mam pancieatic duct The other 
branch emptied into the posterosuperioi 
aspect of the lessei curvature of the 
stomach, i cm proximal to the pyloiic 
ring Micioscopic examination at 
vaiious points showed the wall to be 
characteristic of the extrahepatic bih- 



4 


aiy duct system, except for the distal 
2 5 cm At this point gradual transi- 
tion to gastric wall occuired No evi- 
dence of a gallbladder was found 


Fro 3- — Our case showing congenital aplasia of 
tile gallbladder and high bifurcation of the common 
duct, one branch emptying into the second part of 
the duodenum the other branch emptying into the 
stomach near the p>lorus 

Fig 4 — Vesale’s case, similar to ours except for the 
vvestwee of the gaflUculiler 


CohiMENT — We have been able to find only four otbei cases, in the 
liteiatuie, in winch the common duct emptied into the stomach Laennec 
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and Bleifuss have each lepoited one such case ^ According to Owen,” this 
IS the noimal site of bile diainage in the bieam, an Euiopean fresh water 
fish Filippini desciibed a case in which the common duct emptied into 
the stomach through the pyloius^ Yesale lepoited a case m which the 
common duct bifuicated, the uppei duct emptying into the stomach above 
the pylorus, the lowei duct emptying into the duodenum However, the 
gallbladder was piesent m this case (Fig 3) 

Aplasia of the gallbladder has occurred thiee time m a senes of ovei 
13,000 autopsies recoided at City Hospital Theie were no other anomalies 
of the common duct found m this senes 
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NYLON SUTURE 

Dertmont W Melick, MD 
]M\dison, Wis 

The possibility of using Nylon as a suigical sutme suggested itself when, 
111 1938, It was learned the DuPont Company had developed a synthetic sub- 
stitute foi silk In view of the fact that many suigeons aie advocates of silk 
It was thought Nylon might find equal favor should it have the qualities at- 
tiibuted to silk 

PhysKal Chmacteustics — The physical characteristics of NyloiT as com- 
pared to silk aie sliouii 111 Table I 

Table I 

PH\SICAL characteristics or N\LON AS COMPARED TO SILK 



Nylon 

Silk 

Relative tensile strength 

I 3 % 

I 0% 

Elongation 

2 S 7 % 

12 9 % 

Loss in strength when wet 

14 7 % 

24 S% 

Approximate moisture content under standard conditions 

3 0% 

IS 0 % 

Elastic recovery under controlled conditions 

77 0 % 

6 S 0% 


The Nylon suture may he obtamedf either as a single sti and sutui e, called 
monofilament, 01 a multiple stiand sutui e, called multifilament The multi fila- 
ment looks and feels vei y much like silk The monofilament is comparable to 
the commonly known “dermar’ and “tension” suture 

Animal (dog) expeii mentation was lesoited to in order to study the 
effect of various sutures (catgut and silk as well as Nylon) m relation to 
tissue reaction and to the process of wound healing as ascertained by gross 
and microscopic studies Nylon monofilament, Nylon multifilament, silk, 
plain and clnomic catgut were imbedded in the anterioi abdominal wall of 
dogs, and, at intervals between two days and 103 days, biopsies were taken 
and paiaffin sections made Intestinal anastomoses were also perfoimed for 
comparison between fine chromic catgut (No 00000) and Nylon multifila- 
ment (No 000) 

Results — ^The results obtained are graphically illustiated in Chart i 
Clinical Use oj Nylon Sutwe — Following experimentation on animals it 
was thought Nylon multifilament was woithy of a tiial in the human It was 
used as a suture on a limited number (ten) of hospital patients, m the per- 
formance of inguinal hernionhaphy only Five different operatois used the 
sutme 111 Older to obtain individual leactions legardmg its good or bad points 
The opinions voiced were favoiable It was agreed that the suture was 
compaiable to silk m the way it handled The greater tensile strength of 
the sutui e as compared nith silk of a similar size was particulaily noted by 
each operatoi 

Abbreviated report of a thesis presented to the faculty of the Graduate School of 
IMedicine, Universitj of Pennsylvania, in partial fulfillment of the requirements for the 
degree of Sc (Med) for graduate work in surgery 

T All Nylon sutures for this study N\ere supplied by Bauer and Black, Chicago, Illinois, 
through the courtesy of ^Ir Paul F Ziegler, Director of Curity Research Laboratory’ 
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Wound healing was satisfactory in all of the patients upon whom Nylon 
multifilament was used as a sutuie The incisions piesented a minimal 
amount of leaction The deep fascia and subcutaneous tissue was free of the 
diffuse mduiation noted with catgut sutuie 



Grnph i illustntes the rel itive lenction of the tissues to the difTerent sii 
tures studied Citfcut c-iuscd the most tissue reaction and Njlon monofila 
ment the least tissue reaction 

Graph 2 (inset) is id ipted from the findings of Nichols and Diack 1 
Thej nieisured the tissue reaction to sutuie material b> the number of 
polymorphonuclear leuKocvtes found per high power field 

Summary — (i) Nylon multifilament causes less leaction m the tissues 
(of dogs) than does catgut In the eailiei stages of healing Nylon multi- 
filament causes more leaction than does silk The end-iesult of the healing 

process is piactically the same foi both Nylon multifilament and silk 

(2) Nylon multifilament is not completely noncapillaiy Monocytes 

were heavily infiltiated between the interstices of the sutuie, when examined 
at the end of 34 days 

(3) Nylon multifilament is supeiior to silk m that it has a bettei tensile 
strength for compaiable sizes 

(4) Nylon monofilament causes less tissue leaction than any of the 

sutures studied It is not so flexible as Nylon multifilament, is moie difficult 
to handle, and has a tendency to slip when tied with the usual suigical knot 

CONCLUSION 

Nylon multifilament may be recommended as a satisfactoiy surgical sutuie 

Experimentil Tnd clinical studies ^^ere carried out under the supervision of Dr E R Schmidt, 
Professor of Surgery, University of Wisconsin School of Alcdicine Madison, Wis 

Note — Since completion of the above report fifteen additional herniorraphies have been performed 
using Nylon multifilament No o as the suture material Tissue reaction has been minimal and 
wound healing satisfactorj in all cases 
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INTRA-ABDOMINAL RUPTURE OF RETROPERITONEAL 
TUBERCULOUS LYMPH NODE 

Hiram O Studley, MD 
Cleveland, Ohio 

Unusual clinical, opeiative, and pathologic findings in a patient who pre- 
sented signs of an acute abdominal catastrophe is the occasion foi the appended 
repoit 

Case Report — R S , white, male, age 21, was admitted to the Lakeside Hospital, 
stating that he had been awakened at about 6 am (four hours previously) by an ex- 
tremely severe, burning epigastric pain The flexed position into which it forced him 
made it difficult for him to get out of bed He became nauseated but did not vomit 
Although there had been no change from the regular bowel habits, two cathartic pills 
were taken upon the advice of his parents The severe pain continued and difficulty devel- 
oped in breathing 

The pievious history was negative except for epigastric pain for two to three hours 
after each meal, which was fiist experienced about a week before the present episode 
However, this had not prevented him from eating many handfuls of peanuts on the previ- 
ous day He had felt entirely well otherwise except for a common cold of moderate 
severity Abdominal examination showed boaid-like rigidity especially in the epi- 
gastrium Despite the recency of the onset the temperature was 101° F (382° C) 
White cell count 20,000 

Physical Examination — The patient was well-developed and well-nourished, he lay 
very quietly m bed as if afraid to move His face was flushed, the respirations were 
rather shallow and at 28 per minute Grunting sounds were absent and there was neither 
cough nor movements of the alae nasi Severe suffering was obvious The abdominal 
pain, though general, was localized by the patient as most intense in the umbilical region 
The abdominal wall was splinted, and the board-like rigidity extended to the midhypo- 
gastrium, beyond which it was slightly but definitely less resistant Maximal tenderness 
was also located in the region of the umbilicus Rectal examination was negative except 
for moderate tenderness everywhere to high fingertip pressure 

The temperature had risen from 101° F (382° C ) to 103° F (394° C ) during the 
past two houis, the pulse rate had increased to no per minute The second white cell 
count showed 16,000 The mine contained a slight trace of albumin, and an occasional 
white cell in the centrifuged specimen 

Except for evidence of moderate nasopharyngitis, the remainder of the examination 
was negative As pneumonia was consideied, paiticular attention was paid to the lungs 
by two observeis A roentgenogram of the subdiaphragmatic region indicated the 
absence of free gas 111 the abdominal cavity 

Evidence adequate for a diagnosis of acute peritonitis was obvious but a likely ex- 
planation for the rapid and relatively maiked rise m temperature was not apparent 
Neither could the height of the leukocyte count be satisfactorily correlated with a diag- 
nosis ordinal ily associated with such rapid onset, the obvious severity of the pain, and 
the distribution and degree of abdominal wall spasticity 

Opaaiwn—Undci general anesthesia, the peritoneal cavity was entered through a 
low upper right paramedian incision A small amount of thin, turbid fluid was en- 
countered A culture of this uas made The appendiceal region was first inspected 
and a considerable amount of fluid was aspirated No abnormality was found The 
seiosa was noimal in appearance and, except for the fluid, no evidence of inflammation 
was found until the intestines weie packed awav from the upper abdominal structures 
A few fibrin deposits vere encountered on the anteiior aspect of the pylorus, but the 
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distal end of the body of the stomach and duodenum as well as the gallbladder appeared 
normal High along the edge of, but quite indistinguishable from, the gastric wall along 
Its lesser curvature there was exposed a roughly oval, led-browii surface, approximately 
6x6 cm in size At the uppei end of this there slowly exuded about 2 cc of thick white 
material from a slightly raised, deep blue conical eminence, 2 to 3 cm in diameter 
Slight pressuie in exploration expressed 3 or 4 cc more This was removed with moist 
gauze and a crater-like depression surrounded by firm indurated tissue was palpated 

The inspissated material, the crater the firm induration, and the red-brown color 
of old extravasated blood, which was evident m the surface layei, clearly indicated a 
relatively indolent process These underlying tissue changes obviously antedated the 
onset of the patient’s acute symptoms and piobably the subacute as well 

Three mattress sutures were placed for infolding, but as the tissue was bound down 
and too unyielding, a flap of the great omentum was brought up over the region of the 
pathologic process This maneuver, dictated b> the circumstances, coincided with the 
advice of Braithwaite - The flap was held in place by snugly iy ing the lower two sutures 
over It and by including its distal edge in the highest suture The wound was closed 
without drainage 

Postopci ative Com sc — All signs of peritonitis disappeared, but clinical and roentgeno- 
logic evidence of a widespread pneumonitis developed The patient died on the third day 
Aiitopsv — Limited to the abdomen and chest Performed at the Institute of Pathology 
by Drs C C Couch and E S Ingiaham, Jr Dr Howard Karsner kindly review'ed the 
material There w'as wndespread, confluent bronchopneumonia There was no evidence of 
general peritonitis Caseous tubeiculous and calcified lymph nodes of the celiac group w'ere 
found The center of one of the nodes in the gastrohepatic ligament was partially lique- 
fied, and one avail of it had been replaced bj omentum fiimly attached (that placed at 
operation) Formalin introduced into the esophagus w'as made to distend the stomach 
and duodenum, without leakage at any point Careful examination of the gastric and 
duodenal mucosa and of the mesenteric nodes of the small and large bow'd showed no 
abnormality 

The liver and spleen contained several hard yellow' nodules 1 to 3 kim in diameter, 
which were probably, but not proven to be tuberculous 

Histologic Eraviinatioii — The celiac nodes were demonstrated to be almost entirelj' 
replaced by large and small nodules composed of broad fibrous borders, surrounding 
granular and frequently basophilic amorphous centers In the open node (covered bj 
omentum), an unusually large caseous center was present, together w'lth a small amount 
of fresh granulation tissue, heavily infiltrated with Ijmphocjtes, plasma cells, and a few' 
polymorphonuclear leukocytes In this region, w'ere several small active tubercles com- 
posed of young endothehoid cells , a few contained small necrotic centers Associated 
with the tubercles were several giant cells of the Langhans’ type 

The adjacent serous surfaces showed a thin layer of fibrin enmeshing moderate 
numbers of lymphocytes and granulocvtes In some situations there was early organiza- 
tion of this exudate Examination of the gastro-intestinal tract was negative, and sec- 
tions of the bowel remote from the pvlorus showed a thin, normal serosa Culture of the 
peritoneal fluid resulted in no grow'th after six dajs 

Review' of the roentgenograms of the upper abdomen showed several large calcified 
nodes m the central portion In the region of the spleen, there w'ere numerous shadow's 
of the density of calcium, about 3x3 Mm in size, w'hich, probably, represented calcified 
tuberculous foci m that organ (Fig i) 

Comment — Among the large numbei of cases of abdominal tuberculous 
lymphadenopathy reported m the hteiatuie, the descriptions of a few cases of 
ruptured lymph nodes were found Iselin*’’ lepoited six, NewboldC reported 
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^oumK.ll5 retroperitoneal tuberculous abscess 
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nvo, Colt and ClailC one, Head'* one, and foui cases weie lefeiied to in 
Andei son s^ sei les 

The outstanding findings in the case piesented heiewith weie Pieopera- 
tively, extieme pain of lapid onset, abdominal wall iigidity, an eail}^ and exten- 
sive lise in fe\ei, and a high leukocytosis At opeiation, minimal evidence of 
geneial peiitonitis which was limited to a model ate amount of fiee serous 
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lie t — RocnlRcnoRr-viu ^Iioxmuk muUrplc ^r^. i"; of incrcncul dco'^iU in tlit 
rcsion of the '.piten nii<I in the centnl poition of the upper ilxloinen 

fluid, and the legional deposits of a few flakes of fibrin, visceial peiitoneum 
of normal appeal auce save in the lessei omentum about the uiptuied abscess 
Postopei atu ely , disappeaiance of signs of peiitonitis, and onl) slight and 
local evidence of such at autopsy 

In inteipietation, the discomfoit dm mg the w'cek piioi to the acute episode 
w'as correlated wuth the regional inflammation about the i eti opci itoneal tuber- 
culous lymph node abscess In tw'o cases of lathei laige i eti opei itoneal 
tubeiculous lymph node masses, desenbed by Ravdm,* pain w^as not a prom- 
inent complaint 

The board-like abdominal iigidity and the extieme pain, best desenbed 
as agony, indicated the piesence of a substance m the leleased contents of the 
tuberculous abscess wdiich w'as extiemely niitant to tlie paiietal peiitoneum 
In a case of ruptured tubei culous lymph nodes m the ileocecal i egion, i epoi ted 
by Head, the peiitoneal in Ration w'as evidently compaiably intense, as the 
pain w^as sufficient to cause the patient, a young adult male, to “double up and 
roll on the floor ” Rigidity m the abdominal w^all w^as also found 

The early advance in fever w^as consistent wuth the obseivation of Fiaser'* 
that “fever introduces the illness m cases of acute tubeiculous lymphadenitis”, 
also, with that of Biaithwaite who consideied a fever over ioo° F (38 0° C ) 
as suggestive of this disease lathei than of appendicitis 
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Rupture of the tubeiculous abscess of the cebac group of nodes into the 
uppei abdominal cavity resulted in a piocess which was, evidently, an unusual 
type of acute nonpyogenic, or of an aseptic peritonitis The process was 
notable, not only for the evident intensity of the stimulation of the sensoiy 
elements of the parietal peiitoneum but, also, foi its piompt and marked 
geneial systemic effect The unusual combination of consideiable early 
fevei and very seveie abdominal pain, with iigidity, may seive as clarifying 
evidence in the pieopeiative diagnosis m the raie case of fiee rupture of a 
tubeiculous abscess into the geneial peritoneal caAUty 
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TRANSACTIONS 

OP THE 

SOUTHERN SURGICAL 
ASSOCIATION 

MEETING HELD AT PINEHURST, N C 
DECEMBER 9. 10, 11. 1941 


ADDRESS OF THE PRESIDENT 

“ONCE AGAIN”' 

Harri Hyland Kerr, ]\I D , C M 

\SinNGTON, D C 

‘ Twenti -THREE YEARS AGO, 111 1917, tlic tliii ticth meeting of the Southern 
Surgical Association was held in St Augustine, Fla , under the brilliant 
leadership of the late Dr William D Haggaid In his Piesidential Addiess, 
Doctoi Haggard, with his gieat gift of oratoiy, called the Medical Piofession 
and the Southern Suigical Association to arms in the Fust World Wai that 
he gloiMiigly desciibed as one of the “most magnificent events m all history ” 
With what stirring woids he pictuied the glonous pait oui country was taking 
m that historic event — with no selfish ambitions of teiiitoiy 01 powei, we 
weie hurling our mighty stiength on the side of Demociacy He paid a glob- 
ing tribute to our World Wai President, Avhom he desciibed as “that glonous 
seer, that incomparable patriot, and immortal statesman, Woodiow Wilson, 
Prime Minister of the Woild ” 

Doctor Haggard painted with eloquent woids the exalted role the United 
States Avas to play 111 the futui e of the avoi Id He said “The pages on Avhicli 
the history of this most holy of Avais aviII yet be Aviitten Avill be illuminated 
Avith the gieat Avhite light of our pure and sustained desiie to benefit the cause 
of humanity” “If our nation lives up to its plighted Avoid it Avill gam for 
itself neAV honor and imperishable fame ” 

In the World War the United States tiained, equipped, and sent overseas 
an army of 2 , 000,000 men to throAv the balance of pOAvei in favoi of the Allies, 

* Presented before the Southern Surgical Association, Pinehurst, N C , December 
9-n, 1941 
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and bring the carnage to an end Then the United States, thiough its Piesi- 
dent, who personally attended the Peace Confeience, piactically foiced an 
agieement among nations foi mutual protection and mutual benefits — the 
League of Nations 

It seemed at that tune that, indeed, we had made the world safe toi 
Demociacy, and we had fought the last gieat war to end wais 

But selfish and myopic mteiests arose in this countiy to defeat the plans 
of peace The League of Nations was emasculated by oui lefusal to assume 
oui proper place at the Confeience Table The plan was doomed to failuie 
because the United States, the only solvent nation on earth, basely turned its 
hack on the very League of Nations that it had forced upon the Peace Confei- 
ence We were the great creditor nation of the woild The othei nations had 
been bled white of their most piecious blood and all their liquid capital They 
weie devastated economically They all owed us huge sums of money that 
they had bon owed to stem the advance of autociacy They could not pay in 
cash, and we made it impossible for them to pay in kind 

We raised insurmountable tarift barriers so that the pioduct of then labor 
could not be sold in this country The natural place we should have assumed 
in the vanguard of the rehabilitation and leconstiuction of wai-torn Euiope 
was but a gesture True, we later advanced further huge sums, not only to 
our late Allies, but to Germany, smarting undei hei defeat and weighted down 
with unpayable reparations What part of this money went indirectly foi 
piepaiation foi the piesent war is uncertain 

It was only natuial that Europe, stewing in its poverty, should fall victim 
to the demagogue He laised their hopes of salvation, he put them to work, 
and then organized them for wai His very success at the beginning begat a 
need for moie success He cast his eyes abioad for those natural resources 
that his own country lacked He began a campaign of expansion When this 
had been accomplished by treacheiy, lying, and peifidious practices, Avhen one 
defenseless nation after another had been crushed undei the tyrant’s heel, the 
world was again faced by the same problem as in 1914 All the liberties and 
all the freedom that man had struggled foi since the Renaissance were again 
thieatened From the muck of devastation of the World Wai arose this 
monster bent on supreme domination of the world, and on placing the German 
nation in command, and all other nations in vassalage 

From the perspective of neaily a quartei of a centuiy, we can now look 
back on those stirring times with critical eyes The world again is m the 
throes of a mighty holocaust of war , again, autocracy raises its selfish might 
to rob the human lace of all its haid-won liberties, again, the freedom of the 
individual is threatened, and again we answei the call of oui brother man and 
advance to his aid 

Can we not gam some knowledge by studying our successes and failures 
of that time ^ 

To the Medical World of our country, war came, in 1917, as an unfore- 
seen, unpredicted and unprepared-for calamity To the credit of our then 
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Suigeon-Geneial. William C Goigas, be it said that the tiemendous task of 
oiganizing the Medical Coips of the Aimy was biilliantly and successfully 
accomplished Oui boys i\eie nell taken caie of The lecoids of the Medical 
Coi ps compai e favoi abl} ith the accomplishments of all other combatants 
No soldieis in all histoiy ha\e been bettei tieated 

The lecoid of the evacuation seivice, of the evacuation hospitals, and of 
the base hospitals m Fiance is a magnificent one The medical piofession had 
lesponded nobly to tbe call, and those who had been assigned duty with the 
AEF acquitted themselves splendidly Unfoi tunately , when the need Mas 
gieatest foi medical men oveiseas, theie weie seveial thousand medical officeis 
undergoing mihtaiy tiaming at Foit Oglcthoipc. Ga Siueh’’, it is not neccs- 
saiy foi the aimy suigeon to leain to dull unless he is assigned to tioops At 
the Medical Field Seivice School facilities have been established to tiain 500 
student officers e^ely tMO months Refieshei couises in administiation and 
special piofessional courses foi lesene officeis aie gi\en in the peimancnt 
general hospitals 

Though the medical men of the AEF did a good job, Me can noM' see 
hoM’’ that job could be improved As the piincipal function of the medical 
coips IS to maintain the fighting stiength, oui gieatest lesponsibihty is to get 
the M-ounded back to then commands as soon as possible This means lapid 
and smooth e\ acuation aftei pi opei ti lage 

As Lyle and Daiiach have pointed out, the best intciest of the fighting 
force IS served if the effort in the fonvaid area is concentiated on ti eating the 
lightly M'ounded A supeificial M^ound, piopeily tieated Mithin a fcM' houis, 
may heal promptly and the soldiei soon leluined to his outfit AVhen the 
effort at the front is concentrated on the seriously M'ounded, the lighth 
M^ounded M^ait their turn m times of stress, and fiequently become so seriously 
infected that a minor Mmund becomes a majoi one In these fonvaid Evacua- 
tion Hospitals capable suigeons, using thiee or foui opeiatmg tables each, can 
turn over 80 to 100 lightly Mmunded cases in a 1 2 -honi shift 

The use of the nen^ sulfa dings and then applicability to battle casualties 
will, no doubt, be an interesting and impoi tant development The first aid kit 
of every soldiei noM^ contains a quantity of sulfapyiidme 

The seriously M^ounded and the so-called nonti anspoi table cases should be 
evacuated as soon as shock is conti oiled and the simplest of immediate pio- 
cedures earned out, such as closing sucking Mmunds of the chest, pi eventing 
possible evisceiation, and controlling hemonhage To this end special teams 
aie invaluable Shock teams, tiansfusion teams, sjilint teams, cic , amply 
proved then M^oith m Fiance 

Evacuation by an plane foi the seiiously Mmunded. if piacticable at the 
scene of action, Mmuld be ideal foi this type of case 

It is evident fiom the expeiience of the AEF that majoi siiigical pio- 
cedures should not be perfoimed in the aiea of advance Though it is haz- 
aidous to move ceitain seuously wounded cases, the final lesults muII be bettei 
if their surgical tieatment can be cairied out m a M^ell-equipped, stable base 
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hospital Here specialization can be employed to greatest advantage All the 
modern and sometimes elaboiate equipment for particular types of surgeiy 
will be available And, here again, all the model n developments in postopera- 
tive caie will be at hand 

Not only were the sick and wounded of the A E F efficiently cared for, 
but the boys at home got excellent care The influenza epidemic was devastat- 
ing, and the moi tality high, but the experience of the Army in this catastrophe 
led to leal contributions to oui knowledge in the handling of this disease, and 
particularly the handling of a common comi^hcation — empyema 

When the casualties weie discharged aftei the wai, a huge bureau of the 
government was established to take caie of them Their economic as well as 
their physical welfaie was looked after Medically, the discharged soldier of 
the U S Army has been spoiled to a degiee Not only disabilities incuned 
m action, but also disease acquiied since discharge, are now being treated by 
the vast Veterans’ Administration, with its 91 hospitals and 80,000 beds 
The continued payment of total or paitial disabilities to the soldiers has 
developed a functional element engiafted on their 01 game disease that can 
never be eliminated Thus we are not only paying our wounded soldiers 
large sums on account of then honorably acquired wounds, but additional 
large sums for purely neurotic and hysterical manifestations 

At the piesent time this government has spent $20,000,000,000 on its 
World War soldiers The cost pei annuiit is now $900,000,000, plus The 
Veterans’ Administiation predicts this sum will increase until 1951, when they 
will have 100,000 beds 

The laigest sum on this bill foi medical cost of the World War is the care 
and hospitalization of the neuropsychiatric patient There are now 35,000 
such patients receiving total, permament disabilities The cost per neuro- 
psychiatric case is fiom $33,000 to $38,000 per man 

How can this huge item of the cost of the wai be lessened ? By weeding 
out the men with unstable nervous systems in the fiist selection 

As the late Dr Thomas Salmon, formerly Consultant in Neuropsychiatry, 
A E F, said “It is only the doctor of the Local Diaft Board who is able to 
cull fiom the selectees the man with the abnormal neivous system” The 
local doctor may know the registrant or his family and recognize from the 
registrant’s personality or liis background that he is nervously unfit foi mili- 
tary service 

The man with the perfect physique, but with the unstable neivous system, 
may go through the war without a scratch, and yet become totally disabled 
when he “cracks” on going into action He will be paid total and permanent 
disability for the rest of his life Had his mental instability been recognized 
on his selection, and had he been kept out of a combat unit, he could have 
served his countiy and been discharged a healthy individual, to assume his 
normal place in the community 

The present draft law does not take this lesson sufficiently to heart There 
was no specific provision made for psychiatric examinations However, on 
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Novembei 7, 1940, the Selective Seivice issued Medical Ciiculai No i, at 
the insistence of the White Psychiatiic Foundation This cnculai stiessed 
the iinpoitance of lefeiiing diaftees of questionable peisonahty to a psychia- 
tiist befoie induction The aveiage doctoi on the Diaft Boaid might have 
made no attempt whatevei to discovei the t) pe of individual he was examin- 
ing A biief questioning may give the clue foi a moie exhaustive examination 
that ^^lll save the bo}’s futuie happiness and his countiy’s wealth 

The lesult of a yeai’s expeiience m the piesent Selective Diaft is alaiming 
Neaily 50 pei cent of the boys have been tinned dow^n because they aie 
physically unfit — tiuly an amazing figuie But of those 1 ejected only 63 per 
cent w^eie refused foi psychiatiic causes In the W^oild W^ai only 33 per cent 
w^eie rejected, and of those only 4 5 j^ei cent on psychiatiic giounds 

The selection of Diaftees is soon to be taken out of the hands of the Selec- 
tive Seivice Boaids and tinned over to the Aiiny This change is fi aught 
wath gi eat dangei There is grave question wdiethei the Ai my can eliminate 
the potential neuropsychiati ic case as well as can the jibi'sician of his local 
Diaft Boaid 

In the modern aimy close oidei dull has been entnely done aw'ay wath 
The soldiei is moie than ever an individual He has not the suppoit and 
comfort of close companions He must moie 01 less fight alone He needs 
more than ever a stable, well-balanced nei vous system Again, model n aimies 
aie to a great extent mechanized I'he soldiei must have sufficient mtelh- 
geiice to handle sometimes comjjlicatecl maclimeiy The lesponsibihty of the 
modem soldiei is much gi eater than his piedecessoi — much moie depends on 
bun as an indnidual in a modem aimy than evei befoie Should he fail 
under fire the consequences aie far greatei to his command than wnth the 
soldiei of the last W'ar He must be physically fit, w'lth a w^ell-balanced 
neivous sj^stem, and, finally, thoioughly tiained It is simple enough to pick 
out of 130.000,000 people as many physically fit young men as w^e need, but 
to be sure they are mentally and neivously sound is a much moie difficult 
problem Thiough faulty selection, aftei thorough and costly tiaimng, the 
soldier may "bieak” when he fiist goes into action He then, immediately, 
becomes a permanent and total chaige on Ins government 

In an attempt to foiestall such a contingency and to evaluate the examina- 
tions given by the Selective Service Boaids, a lestiidy of Diaftees w^as lecently 
made by a Board of Psychiatrists Of those ah eady tentatively accepted, thej- 
rejected 293 per cent They estimate that, wnth piopei study, 20 pei cent of 
the Draftees may be rejected purely on neui opsychiati ic giounds High as 
this figure seems, it is far bettei that the w^eaklings be w'eeded out than that 
the life and usefulness of the soldiei be mined and his countiy saddled with 
greater debt 

Many of the physical causes foi 1 ejection aie lemedial, and theie is now 
being made an attempt to salvage some of the lejectees by suigeiy or otherwise 
The National Reseaich Council is doing a gieat w'Oik in aiding the 
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Surgeons-General of the AriAy and Nav)^ Thiough seven main committees, 
and their numerous subcommittees, they have been studying various problems 
for the Army and the Navy 

The National Reseaich Council, and the Committee on Medical Prepaied- 
ness of the American Medical Association, has aheady accomplished a huge 
task in classifying eveiy available medieal man in the countiy The old com- 
plaint of a round peg m a squaie hole, so often heard m the last wai, should 
be eliminated almost entirely 

Through the many committees of the National Research Council and the 
National Medical Societies, all the best men in the piofession are now acting 
as most valuable consultants to our military services 

It IS said, however, that the Surgeon-General does not plan to use con- 
sultants in actual combat No individuals stood out more prominently m the 
Medical Corps of the A E F than those who did so much to enhance the evac- 
uation and surgical care of the “doughboy ” No medical officer of the Regular 
Army but will attest to the valuable sei vices tendered by the consultants m 
the A E F 

The Surgeon-Geneial recognizes that theie is no leserve medical peisonnel 
in the nation and that none can be developed in a i easonable time The brunt 
of the burden must be borne by the civil population thiough a reduction of 
doctors and nurses These doctors and nurses drawn into the Aimy must be 
trained in their extrapiofessional lesponsibihties if they are to discharge then 
duties to the best mteiest of the Medical Department 

There are actually 11,526 medical officeis in Seivice, ample for the training 
pi ogram, but far short of what will be needed in actual war 

Preparations for war are well advanced The training of personnel is well 
on Its way The equipment foi modem wai is fast coming off the assembly 
line The production of ambulances, surgical instruments, laboratory equip- 
ment, and roentgenologic installations, besides equipment pecuhai to Field 
Service, is proceeding apace 

In keeping with the motorization of the Aimy, the Suigeon-Geneial has 
developed mobile equipment for surgical hospitals consisting of 14 vehicles, of 
which seven compi ise the operating gi oup 

Bus ambulances capable of cai lying 12 littei cases, m addition to the more 
mobile front line ambulances, are being prepared Some of the latter will have 
light armor protection, cany medical peisonnel and supplies, and can func- 
tion as mobile aid stations with facilities to transport casualties 

The status of the airplane foi lapid evacuation is being studied Aimy 
tioop transport planes aie equipped with devices foi securely holding litters, 
and can be, almost instantly, converted into airplane ambulances But these 
large planes require landing fields of fair size, so that their effectiveness may 
be limited The use of the autogyro, that can carry two 01 three litter cases 
and needs no landing field, is being investigated 

Medical Department personnel, commissioned and enlisted, are being 
trained foi service with parachute tioops Their equipment, consisting of 
litters, splints, dressings, and drugs, have been prepared and packed into 
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standaid conlaiueis used by the combat umt foi diopping its ammunition, 
food, etc 

Hospital Hams aie being equipped uith cats with facilities foi lendering 
medical and suigical caie by a completely furnished opeiatmg set-up In 
addition, each tiain uill have foui hospital waid-cais, with beds foi 128 
patients as u ell as accommodations foi officei s and enlisted men 

The piogiam of piepaiation for National Defense by the Medical Depait- 
ment of the Aim\ is veil advanced The pet sound and the equipment have 
been undergoing seveie tests on maneuveis here m the Caiolinas 

The expeiience gained m these manemeis seems to stiess the advantage 
of }ouiigei men 111 the Ann} It is alieady apjiaient that many of our own 
Line officei s have passed the age when they ai e best adapted to the sti envious 
life of an aim} campaign This is undoubtedly true of the Medical Coips as 
well Though age, expeiience and sound judgment wall be of gieat value in 
the council looin, }outh must be given the leading idle m actual combat In 
oiu particuhn field — singer} — this is of pai amount importance Out young 
lesidents, oui iccent giaduates, with adequate postgiadualc tiammg, and the 
junioi metnbeis of om hospitals and unneisity stalls, will foim the surgical 
teams of this man’s Aimy 

The supply of competent medical officei s is now' insufficient foi oui piesent 
needs Many moie medical officei s will be lequired The Suigeon-General 
has ahead} asked the medical schools to encouiage enlistment of then students 
as membeis of the Medical Administrative Coips on inactive duty — to be 
changed over to the Medical Coips propei, wdten they have graduated and had 
at least one mtei n yeai 

Autocrac} is in the saddle again Again Demociacy leels under the all too 
efficient might of the conqueioi Again w'e see mans hard-w'on fieedom 
tin eatened 

We. in the United States, aic guilty of, at least, a shaie in the failuie of 
the First World War We must see to it that failure does not occur again 

It w'as hoped that the Axis Powders could be ciushed by the embattled 
democracies of Europe, wnth only oui material aid But it is now' ceitain that 
not only w'eapons but man pow'ei wall be needed Oui every effort should be 
concentiated on seeing that oui Aimy and Navy are W'ell ti anted and w'ell 
equipped 

We of the medical piofession must see that the aimed foices aie selected 
from the cream of our youth 

Again W'e must see that the fighting man’s health is caiefully protected 

Again W'e must see that his medical caie is of the best, should he fall ill 01 
should he be wounded 

Every selfish interest in the nation must be subordinated to the gieat task 
that lies ahead Labor must be embed and forced to assume its true respon- 
sibiht} Nothing must be allow'cd to mteifere 01 halt our pi ogress 

The enormous lesouices of this gieat nation, hei genius foi oigamzation 
and mass production, and last, but fai fiom least, hei manhood, can and will 
w m the w ar 
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Oxycephaly and its related disoiders (acrocephaly, dolichocephaly, 
scaphocephaly, “tower-skull,” Turmschadel, Schadelmissbildung, etc ) are 
being consideied m this paper In all of these conditions the sutures may be 
closed at an early period in life This leads to malformation of the skull It 
may be pointed like a tower, sway-backed, or wedge-shaped The suture lines 
close tightly and are obhteiated previous to the closure of the anterior fon- 
tanelle This process — cianiostosis — pi events the proper development of 
skull and brain The brain continues to exert marked intracranial pressure 
in all directions and the skull gives way before the pressure at the point of 
least resistance, usually most maiked in the region of the anterior fontanelle 
This fontanelle is the last pait of the suture line to close and the bone-margin 
at this site is the thinnest and least resistant With the oncoming progressive 
increase in intracranial pressuie, the bony margins are pushed upward, and 
further ossification takes place about the area of the fontanelle, until, finally, 
complete ossification occurs The lesult is a distorted, misshapen skull, with 
the most prominent and bulging poition at the site of the fontanelle Thus, 
“oxy” — pointed, “cephalus” — head The head may be elongated and scaph- 
oid with the most piominent piotuberance at the same site 

It is not uncommon to see persons with queerly shaped heads vho have 
normal physical and mental capacities, due to arrest of the condition On the 
othei hand, oxycephalic individuals may never attain adulthood Why ^ The 
simple answer is that premature closuie of the sutuie lines pi events the intra- 
cranial space from keeping pace with the actual giowth of the brain and its 
coverings In other woids, the brain outgiows its case and vital functions 
cease The brain is not pathologically small, but the intracranial space is 
Therefore, the giowth and development of the brain is restrained or held 
back (Distinction between this condition and that of the miciocephalic or 
mongoloid idiot must be made ) 

It IS well known that growth of the brain takes place at a rapid rate in 
the early years When the brain continues to grow in such cramped quaiters, 
certain symptoms, signs and charactei istics make their appearance (i) Head- 
aches, which may occur at such an early age that they are not recognized , 
(2) iiiitabihty and mental dulness, (3) charactei istic convolutional mark- 
ings and thinning of the skull, with absent or hardly distinguishable suture 
line sites, (4) thinning of the dura, (5) unusual and abnormal 11 regularities 
of the skull involving most frequently and prominently the site of the an- 
terioi fontanelle, (6) tremendous increase in intiacianial pressure as shown 
by measurement of the intraventricular pressure and extreme diminution in the 

* Read before the Southern Surgical Association, Pinehurst, N C, December 9-11, 

1941 
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Size of the Yentiicles (ventiiculogiams) , (7) bilateial papilledema, followed 
by atiophy, lesultmg in failing of vision and blindness, (8) maiked bilateial 
exophthalmos, which may be so extieme and piolonged that loss of the eyes 
may ensue, and (g) generalized convulsions If the condition does not be- 
come ariested, it pi ogresses giadually, and death ensues 

Although the cianium may be distoited into vaiious foims, some special 
1 oentgenologic findings aie always piesent and show gieat similaiity One 
of the most distinctive featuies is the geneiahzed convolutional mai kings of 
the bones foimmg the cranial i^ault, giving a uavy, billowy appeal ance like 
fluffy clouds This effect is more maiked in the lateial view wheie all bones 
forming the cranial cavity (with exception of the base) show similai, if not 
identical, mai kings The floois of the middle and posteiioi fossae aie de- 
piessed ivith coi responding depiession of the petious pyiamid and eais, 
and depiession, lelative lengthening, and naii owing of the sella tuicica The 
frontal, sphenoid and maxillaiy sinuses aie small The 01 bits aie blunted 
and shallow', thus deci easing the oibital capacity The low'ei jaw' is piog- 
nathous and piotrudes prominently due to downw'aitl displacement of the 
mandibular fossa 

All of these findings lesult fiom the slow', piogiessive and maiked inciease 
of iiitracianial piessure against slow'ly leti eating, but nonelastic w'alls of 
the cranial cavity In passing, it might be noted that vision fails eailiei, and 
to a greater degiee than heaiing, because the bony confines of the 01 bit aie 
moie vulneiable than the petrous In 1936, the authoi w'as confionted with 
this problem In search of the liteiature, an opeiative pioceduie w'hich 
would provide adequate lelief could not be found In an endeavoi to find 
such a solution, lecuirmg thoughts continually led one back to the basic fact 
— the intiacianial space w'as too small to allow' piopei giowth and expansion 
of the brain The question then aiose How' can the cianial cavit}' be en- 
larged sufficiently and symineti ically ^ The pi oblem w'as solved by the opera- 
tion W'hich IS heiew'ith desciibed It was conceived and peifoimed fiist on 
November 10, 1936, and w'as desciibed in a pieliminaiy lepoit of the case m 
November, 1937 


OPERATIVE PROCEDURE 

The proceduie may be earned out m tw'o stages, as in the first case oper- 
ated, but the one-stage operation is prefeiied, provided circumstances permit 
With the patient m the prone position, head resting on a proper support, the 
drapes are sutured to the scalp so as to expose the head from the supra- 
orbital regions to the external occipital pi otiiberance, and fiom the concho- 
temporal sulcus of the one side to that of the other side A straight, midline 
incision IS made from the haii-lme anteiioily backw'aid almost to the external 
occipital protuberance (Fig i A) If deemed necessary, the posteiioi ex- 
tremity of the incision can be extended laterally in an oblique direction, foim- 
ing an inveited Y The incision extends thiough all soft parts to the outei 
table Bleeding from' the scalp is prevented by application of skin clips Tlie 
pericranium is readily stripped from the outer table as far as the superioi 
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tempoial lines In this aiea the pericianium is moie adheient, and gieatei 
care must be used in fieeing it to prevent teaiing and fraying of the peri- 
cranium, accompanied hy bleeding The entire outer table is thus exposed 
fiom supia-oibital regions to the occiput, and fiom the low temporal region 


i’A 




■ '••I 


riG I — Various stages of the operation (A) hlidline ‘Straight incision, uith inverted i 
extension posteriorly Skin clips used to control bleeding from scalp (B) Soft parts in 
eluding pericranium have been reflected exposing outei table of cranium (C) Circumferen 
tnl and other bur holes have been made bleeding from some being controlled bj pledgets of 
cotton (D) Skull segments cut with deVilbiss bone foiccps Segments should be smaller in 
the area of greatest prominence 

of one side to that of the othei (Fig i B) The skull may be so thin in aieas 
that it has a bluish-giay tint Rui -holes aie made in a circumfei ential man- 
ner about one and one-half to two inches apait, and similai bur-holes are 
made thioughout the ciicumsciibed aiea (Fig i C) The frontal sinuses offei 
no pioblcm since they aie eithei absent oi quite small The openings should 
be placed closci togethci ovei and neai the most pionunent bulging part of 
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the skull The hui -holes aie then connected with a deVilbiss bone-cutting 
foiceps (Fig 1 D). oi an electiicallv diiven fiaise 

\\'hen the hist giooxe is cut between two openings, it will be obsetved that 
the dm a jnoti tides ihiotigh the gioove similai to the mannei m which a towel 
will “butkle” when two books aie jikaed on it neai each othei and pushed 
logelhei 1 his fact pioves ledundancy ol the dm a and sufficiencv of the 
intiaduial space as conipaied with the paucit} of the intiacianial capacity 


A B 



Fig 2 — Concluding steps of the opention (A) Semihtenl \ie\\ of Figure i Snnll 
“isthmi” of bone (\) remain while other segments are fashioned and cut through just before 
closure (B) Shows separation and eletation of skull segments still attached to the dura (C 
and D) Incision closed without drainage 

The dura is quite thin and glistening When the bone is cut thiough on three 
sides leaving the bone flap attached on one side oi end, it will be observed that 
the free end of the bone flap uses and falls like the end of a spimgboaid, with 
pulsation of the brain Fiom these tw^o observations it is easy to believe that 
the brain wall expand and reduce the intiacianial pressuie after all the bui- 
holes have been connected This pi oves to be a fact 

With regard to the shape and size of the skull-segments, it can be said that 
they should be neithei loo laige noi too small If they are too laige, pioper 
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symmetrical shaping of the skull will not be accomplished, and if they are 
made too small, too much time will be consumed Some of the skull-segments 
will be squaie, some lectangular, others triangular, trapezoid, etc The skull 
IS thin and cuts readily In the tempoial legion the skull may be very thin, 
like papei, or may even be absent in areas In the low tempoial region it is 
well to lemove the bone entnely with rongeuis, leaving a defect measuring 
about two inches m the hoiizontal, and one and one-half inches in the vertical 
dnections, unless the skull is sufficiently large in these areas 

Caution should be employed in two pai ticulars ( i ) The dura should not be 
opened, to avoid loss of cerebrospinal fluid (2) It is well to leave the skull 
fiagments connected by small “isthmi” of bone (the last bite of the deVilbiss 
foiceps) until all of the segments have been fashioned (Fig 2 A) Otherwise, 
the skull fragments, being insecurely attached to the duia, may slip to the 
floor and cause embairassment The giooves can be cut across the longi- 
tudinal sinus with leadiness, but, m so doing, “blue” aieas, indicating more 
prominent and embedded poitions of the sinus, should be avoided When all 
skull segments have been fashioned and cut as desired, the lemainmg small 
inteivals of hone between adjacent pieces are divided The intervals, or 
“grooves,” between the vaiious segments increase two or three tunes in width 
The bulging at the site of the anteiior fontanelle will disappear completely, 
provided the skull fiagments are sufficiently small ovei this area Otherwise 
the deformity will partially remain 

Bleeding or oozing will be constant fiom both skull and dura, but the total 
amount of blood lost is not significant or distressing The use of bone wax is 
not advised It is not necessary, and is a foreign body 

The opeiation is completed except foi closure of the incision (Fig 2 B) 
This IS accomplished by the use of two layers of interrupted silk sutures, one 
foi the pericranium and galea and one foi the scalp — without drainage — (Fig 
2 C and D) A copious head dressing, including the lowei jaw and both 
ears, is applied without pressure A light plaster of pans skull cap is placed 
over the dressing for piotection A small transfusion should be administered 

CASE KEPORTS 

Cases I and 2, opeiated upon by the authoi, have been reported, but a 
resume of each case will be given, with additional data Cases 3 and 4 were 
operated upon by Dr Barnes Woodhall of Duke University He has kindly 
permitted the author to include them in this paper Although a brief report 
of these two cases has been made, the completeness of the clinical records 
justifies a more detailed account 

Case I — E C , white, male, age 8, was admitted to the Hospital for the Ruptured 
and Crippled (H23-467), August 10, 1936, for correction of a malunited fracture of right 
femur In November, 1935, he had been run over by a truck and sustained a fracture of 
the right femur He had been operated upon five times, including plating, without success 
He was fairly well-developed, but rather small for his age Aside from the deformity 
of the right femur, the outstanding feature was marked bilateral exophthalmos, with 
external squint No ophthalmoplegia (Fig 4 C) 
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Fic 3 —Case i — E C (A) Pieoperatue htenl roentgenogram of skull showing coinolutional 
markings deep, narrow selh turcica, and other t>pical findings (B) Preoperatue AP Mew of 
skull, narrow and pointed above (C and D) Roentgenograms made Februarj 3, 1037 one w~eek fol 
lowing second stage of the operation Compare aiith A and B 

Lumbar puncture showed increased pressure to 400 Mm of watei , reduced to 250 Aim 
after removal of 30 cc of cerebrospinal fluid 

Roentgenograms revealed typical changes in the skull (Fig 3 A and B) Ventriculo- 
grams showed small, generally compressed ventricles Intraventricular pressure was 
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gieatly inci eased Vision was poor, unable to read, and could baiely lecognize doctors 
and nurses standing at the foot of his bed 

Upon the request of Dr Philip D Wilson to operate upon the boy, the literature was 
searched for a method of piocedure None seemed to offer much hope for a good result 
The operation herewith desenbed was conceived and carried out m two stages The first 
stage was performed November lo, 1936, on the right side Immediately following the 
fiist operation there was marked recession of the eyeballs, more on the right side than 
the left, with improvement m vision Pronounced symmetrical increase in the size of the 
cianium on the right side was accompanied bv widening of the grooves between skull 
f 1 agments 


A B 



Fig 4 — Case i — E C (A and B) Roentgenograms made August 1041 about four and one half 
years after those shown in Figure 3 C and D, with which compare (C) Photograph of patient before 
operation (D) Photograph of patient about four vears after second stage of operation 


Second Stage A similar procedure was carried out on the left side, January 26, 1937, 
with corresponding increase in size of cranium on that side 

Roentgenograms, February 3, 1937 (Fig 3 C and D), showed symmetrical enlarge- 
ment of the cranium, as desired Softness, or doughiness, of both sides, similar to that 
of a flaxseed poultice, was present for about two and one-half weeks, followed by slow, 
gradual stiffening of the cranial vault, until the cranium showed firmness of an ordinary 
skull (about three months following each stage) 

Recovery from both procedures was uneventful Vision improved Successful reduc- 
tion and coirection of raalunited fracture of femur was undertaken by Doctor Thompson, 
December 2, 1936, almost two months following the first stage The patient was dis- 
charged, Afarch 17, 1937, and returned to Halifax, Nova Scotia At this time the 
fundi and vision were practically normal 

Letters received from him and his grandniotlici since Ins discharge informed us of 
his return to school and keeping up with his studies He was skating and indulging in 
activities enjo}ed by other boys Roentgenograms of the skull were made from time-to- 
time Shape and size of skull remained normal No evidence of return of oxycephalic 
condition 

He visited New York in August, 1941 Rocntgenogi ains, made at that time, revealed 
a normal shaped head on both anteroposterior and lateral views (Fig 4 A and B) The 
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relative dcpiession of tlic niKkllc fossa was not so maikcd Ihc shape of the sella had 
conipleleh changed In the original film, made in 1936, the sella tiiicica was not onh 
depiessed, but was deep and naiiow in the antcropostei 101 diiection In the latest films 
the sella was noinial m contuui heing imuli widei in an anteioposterioi direction than 
m the vtitital diiection — quite tin ^ 

opposite to the condition seen on 
the original films The sphenoid 
was well de\ eloped New bone 
had filled the gioove lines, also, 
m both temporal regions fion 
which it had been removed Tbe 
upper jaw had dee eloped least of 
all, and the lowei jaw was still 
prognathous 

Mentalh the hoe appealed 
noinial He accomiianied the 
author to a motion picture the- 
ater, quickly appreciated all the 
jokes, and readih percened the 
details of the picture w'lthout ain 
difhcultj at a distance of about 
200 feet He gave all appeal - 
ances of being a normal individual 
(Fig 4 D) 

Case 2 — I H , Negro, male, 
age 5, was admitted to Law'iencc 
Hospital (No 42637), Bionx- 
Mlle, N Y, October 17, 1940 
Historv of normal birth , 12 chil- 
dren, 7 luiiig A brother, age 6, 
showed elongated flattened skull, 
w'lth prominence m the region of 
the anterior fontanelle (dolich- 
ocephah) , otherwise normal No 
other historj of malformation of 
skull in famil}’- 

Examination re\ ealed a 
rather bright, intelligent child for 
his age General and neurologic 
examinations w^ere negative 
Lumbar puncture, ventriculo- 
grams, encephalograms and elec- 
troencephalograms w'Cre not con- 
sidered necessary There w^as 
slight bulging of the eyes , con- 
stituting a mild exophthalmus In- 
trinsic and extrinsic eye muscles w^ere normal, and eye grounds were normal 

Head was typical “tower-skull,” narrow and pointed, more pronounced in the fronto- 
parietal region (site of closed antenoi fontanelle) There was apical bulging, elevated 
about one and one-half inches or more above the surrounding narrow skull (like a hay- 
stack) (Fig 5 A and B) 

Roentgenograms showed a peculiarly shaped, pointed skull, with convolutional mark- 
ings and other typical changes (Fig 6 A and B) 

In ordei to prevent mental and visual disturbances which were present in Case i 
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before operation showing pointed, deformed 
exophthalmos, and protruding lower jaw 
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the proposed operation was earned out, October 22, 1940, but in one stage (Figs i and 
2) During the procedure the same phenomena, ic, bulging dura through grooves be- 
tween skull fragments, pulsation of bone flap, expansion of brain with separation of seg- 
ments, restoration of contour of skull, etc , were observed When the operation was 
completed the proper shape of the skull was restored and eyes were less prominent 

A B 



Fig 6 — Case 2 — I H (A and B) Roentgenograms made before operation Note 
marked deformity and bulging at site of anterior fontanelle (C and D) Roentgenograms 
made ten days postoperative showing widening of grooves between skull segments and 
correction of deformity 


Result — The patient had an uneventful recovery Roentgenograms, ten days after 
operation, showed approximately 17 bur-holes in frontal, parietal and temporal regions, 
with bone cut between holes, leaving a checker-board appearance in the upper half of 
the cranial vault The deformity of the upper and anterior portion of the cranial vault, 
apparent on the original films, had completely disappeared (Fig 6 C and D) There was 
evidence of solidification of skull as in Case i The patient w'as discharged on the 28th 
postoperative daj, November 19, 1940, and has remained well 

More recent films, made m November, 1941, reveal a skull normal in contour, and 
ossification of the grooves betw'een skull fragments The midline had been crossed at 
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seven points, and the union of these segments is firm Convolutional markings in the 
segments have disappeared, while some evidence of the markings persists in the unseg- 
mented portion of the skull , , r , 

2 M McK (patient of Dr Barnes Woodhall), colored, female, age 4t 



ABC 


Fig 7 — Case 3 — M McK (Operation b\ Dr Barnes Woodlnll) (A and B) Photographs before 
operation August 28, 1939 showing marked deformitj of head and bilateial evophtlnlmos (C) Photo 
graphs after second stage of operation Note almost perfect contour of head and diminution of 
exophthalmos 



Fig 8- — Case 3 — M McK (A) Preoperative roentgenogi am showing characteristic features 
(B) Postoperative roentgenogram made following second stage of operation Note widening of grooves 
and correction of deformity 


admitted to Duke Hospital, Durham, N C (No A-22502), in August, 1939 Her chief 
complaints were headaches and eye trouble for two years 

Family history was noncontributory Past history was negative except for chronic 
head colds and pneumonia at three years of age 

Pieseni Illness The mother noted that at birth the patient’s head was somewhat 
distorted She got along well until two years before admission, when she began to com- 
plain of frequent frontal headaches The child would wake up at night and complain of 
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severe pam lot a few minutes and then fall asleep again Later she began to complain of 
headaclie tin oiiglioiit tlie day At the onset of the headaches the mother noticed that the 
e\es began to piotiudc, and that they continued to become more prominent until admis- 
sion She continued to ha\e seveie frontal headache, and, recently, the mother noticed 
that the child walked with a staggeimg gait and with a broad base She did not vomit 
with the headaches 1 he mothei stated that the child had inci easing disturbance of vision 
Physical Examination — lempeiatuie 368° h' , pulse 92, lespirations 20, blood pres- 
sure 135/84 The patient was a well-nourished but poorly developed colored female, age 
4, who was very cooperative, and did not appear to be acutely ill The examination was 
entirely negative except for involvement of the head Her head was distorted (Fig 7 A 
and B), approximately normal m diameter in the temporal regions, but over the fronto- 
parietal region the skull came up to a point at the site of the anterior fontanelle and was 
completely ossified The anterior and posteiior fontanelles were closed There was 
marked bilateral exophthalmos The nose was saddle-shaped, and there was bilateral 
obstruction to breathing The hard palate is excessively high, and the lower jaw projects 
forward considerably 

Neill ologic Examination — The patient was mentally clear and very cooperative All 
of the cranial nerves were intact There was some distortion of the optic disks, in that 
they were oblong in shape The margins were well outlined There was no evidence of 
papilledema Both disks were slightly pale 

No localized muscular weakness or atrophy was noted All reflexes were present, 
equal, and moderately active throughout, except for ankle jerks, which were sluggish 
There was no Babinski No changes were noted to light touch, pam or vibratory sense 
Position sense and coordination of movements appeared to be good 

Laboiatoiy Data — Examination of the blood revealed the following Hemoglobin 
73%, RBC 3,340,000, WBC 13,450, Mono o LL 5, SL 58% Uranalysis re- 
vealed a slight trace of albumin and an occasional white cell There were no red cells or 
casts Benztdine was negative Wassermann was negative 

Roentgenograms of skull showed a dolichocephalic skull, with unusual prominence of 
the frontal bone There was marked increase of intracranial pressure with typical con- 
volutional markings All the suture lines were entirely closed (Fig 8 A) 

Impression Craniostenosis Suggested treatment Surgical decompression 
On August 29, 1939, a right subtemporal decompression was performed, under bac- 
tericidal radiation and avertin-ether anesthesia (Doctor Woodhall) A rather large 
opening m the skull was made and the dura was opened Her convalescence from this 
procedure was quite uneventful, although there was a continual deposition of fluid beneath 
the subtemporal decompression incision, which had to be aspirated on several occasions 
About this time, the operator became cognizant of the operation for oxycephaly 
proposed and carried out by the author, and felt that it should be applied in this case 
The reason for doing so was the obviously increased intracranial pressure and because 
of his experience in some ten or 12 previous cases, m which bitemporal decompression 
had not been particularly effectual in controlling the process Accordingly, on September 
8, 1939, the first stage of the operation proposed by the author was carried out on the 
right side, the procedure being designated as the “morcellation” operation 

Operation was performed for dohchocephaly (oxycephaly) right side Dural trans- 
plant was performed Under bactericidal radiation, and avertm-ether anesthesia (by 
Dr Barnes Woodhall) The effusion under the scalp at the site of the decompression had 
returned and it was reaspirated at the beginning of the proceduie The entire right half 
of the scalp was prepared in the usual manner and a sweeping incision made to include 
the entire right side of the scalp with the mesial border of the incision on the midline 
The large flap was turned down without much difficulty, exposing the outer table of the 
skull on the right side and the site of decompression The brain was protruding markedly 
through the subtemporal decompression, and it was quite obvious to the operator that he 
was correct in assuming that something more had to be undertaken in this particular 
instance At this time, a section of the pericranium in the occipital region was dissected 
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out and sutured in place over the exposed biain in the subtemporal region so that no 
further effusion of subarachnoid fluid could develop The entire light side of the skull 
was then encircled by peiforator openings about 4 cm apart, and an innei circle also was 
made so that the entire right side of the skull could be sectioned in a definite mosaic 
The dura was dissected free from the bone, and a mosaic pattern was carried out with 
the deVilbiss rongeurs It was not attended with much bleeding Across the midlinc, 
grooves were cut with the deVilbiss forceps in three areas over 3 cm beyond the midlinc 
into the left side, wdiere they w'lll be joined within about three months wuth the mosaic on 
the left side The scalp flap w^as then sutured in place wuth interrupted fine black silk 
sutures and the skin w'as closed w'lth continuous silk (Bcfoie the incision w'as closed a 
sketch and natural and color photograjihs were made ) It was necessai y to give the 
child some glucose and blood during the pioceduic 

Her convalescence from this operative proccduie w'as quite uneventful, and on Sep- 
tember 18 — ten days postoperative — a head encasement w'as applied She w'as discliarged, 
September 24, 1939, greatlj' improved, having no headaches, and having definite lecession 
of the exophthalmos, particularh on the right side 

On October 23, 1939, roentgenograms show'cd still further separation of the trephine 
areas, the bone segments in the right parietal region seemingly almost completeh 
separated 

The child w'as readmitted to Duke Hospital (Hist No i C-21946) for the second 
stage of the operative procedure, at wdiich time she stated that she had continued to be 
free from headaches and eye disturbances There w'as a large, soft bulging of the head 
in the right temporoparietal region at the site of the original decompression, measuring 
approximateh 12 cm across On palpation, it w'as verj soft, with no underlying bone 
palpable except for tw'o small detached fragments anteriorly In addition to the soft 
sw'elling, how'ever, the bony portion of the right side of the skull w'as definitely fuller, or 
better filled and rounded out than on the left, where the absence of fulness w'as quite 
apparent pathologically There w'as only slight, if any, abnormal tension in the bulging 
area There was a pronounced exophthalmos on the left and a moderate endophthalmos on 
the right 

Neurologic examination revealed no papilledema and all cranial nerves were intact 
There w^ere no motor 01 sensory changes and the reflexes w^ere physiologically and 
bilaterally equal Head measurements w'ere as follow's Top of ear to top of ear 27 cm 
Inion to nasion 35 cm Greatest circumference of head 51 5 cm 

Exophthalmometei leading with the instrument set at loi O D 23 , 0 S 25 Oph- 
thalmoscopic examination through undilated pupils revealed the elliptical disks, which 
indicate a moderately high degiee of astigmatism Retinal vessels were normal There 
W'as no congestion of retinal veins The peripheral fundi w'ere normal The maculae 
stood out rather distinctly Vision w'lth the illiterate chait w'as approximately 20/40 in 
each eye 

Because of an acute rhinopharyngitis the second stage of the operation was delayed 
until January 19, 1940, w'hen all symptoms had disappeared 

The second stage of the operation was undertaken January 19, 1940 It w'as carried 
out in a similar manner to that of the right, except for the fact that there was no decom- 
pression site to be dealt w'lth, also, the grooves could not be carried across the midline 
with the de Vilbiss forceps because of marked venous bleeding which developed in this 
region and for fear of damage to the longitudinal sinus Nevertheless, there was notice- 
able separation of the bony incisions and actual distention of the hemisphere on the left 
side The incision w'as closed as at the first stage 

Postoperative course was uneventful On January 30, ii days postoperative, a head 
encasement w'as applied, and the patient was discharged (Fig 7 C) On April 10, 1940, 
she returned for observation The mother stated that the child had become really a nevv 
child, had no headache, and appeared to have no visual disturbance The head measure- 
ments show'ed the greatest circumference 53 cm , top of ear to top of ear 28 cm , and 
inion to nasion 37 cm Exophthalmometer readings were 28 bilaterally, set at 113 
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The patient returned on May 27, 1941 She had had an uneventful course since the 
last operation She had no headaches, no convulsions, normal vision, normal speech, and 
normal mentality The mother stated that the child had acted very much like a normal 
child should Her head measurements showed the greatest circumference of 55 5 cm as 
compared with the preoperative measurement of Si 5 cm 

Examination of roentgenographic films of the skull in comparison with those of 
October 23, 1939 (Fig 8 A and B) showed practically complete union of the bone frag- 
ments except m the frontoparietal regions and the occipital region, and m these regions 
some bony union appeared to be taking place There was also some disappearance of the 
convolutional atrophy previously noted Some general fillmg-out of the cranial vault had 
taken place, and it was more normal in contour than on previous films It was noted that 
the present appearance, all-m-all, was a decided improvement over that of 1939 This 
opinion was substantiated by the operator’s observations and the observations of the 
nurses on the pediatric ward, who had followed the child for two years Peripheral 
visual fields, taken at the time, showed normal findings 

On account of living near the hospital she was to be followed during later years 
Case 4 — ^T C (patient of Dr Barnes Woodhall), white, female, age 14, was ad- 
mitted to Duke Hospital, Durham, N C (Hist No A-41861), June 5, 1940 Chief 
complaint Convulsions, ten months’ duration 

Family and past history were noncontnbutorj' Present Illness The patient was 
born with a peculiarly shaped head and protruding eyes She had always been near- 
sighted, and was somewhat small for her age Other than this the child behaved well until 
ten months prior to admission when she began to have convulsions characterized by 
cyanosis, unconsciousness, urinary incontinence and drawing of hands and legs These 
attacks occurred five or six times a night 

Physical examination was negative except for head There was a marked bilateral 
exophthalmos The upper lip was somewhat undershot and the nose had a definite hook 
to It All the features were characteristic of oxycephaly The head itself was small m 
all diameters, somewhat flattened posteriorly, and of striking interest was the presence of 
a smooth bulge in the region of the anterior fontanelle This bulge measured about 4 or 
S cm in diameter The optic disks were hazy and were interpreted as being indicative of 
mild increase of intracranial pressure Vision was 20/200 m tlie right eye and 20/400 m 
the left eye There was mild generalized constriction of both visual fields 

Stereoscopic roentgenograms of the skull showed oxycephaly with marked increase m 
intracranial pressure, as evidenced by the convolutional markings with none of the suture 
lines being present (Fig 10 A) The sella was not enlarged but was unusually deep 
(This corresponds with the findings in other cases of oxycephaly ) The narrowing and 
deepening of the sella were interpreted as also being due to pressure 

A lumbar puncture was performed and encephalograms made The initial manometnc 
reading was 220 Mm of water The encephalograms showed typical findings, 1 c , 
marked diminution m the size of the ventricular svstem, without loss of ventricular sym- 
metrj^ Spinal fluid showed total proteins of 18 mg % Blood Wassermann and Kahn 
reactions negative, as was the spinal fluid Wassermann An electroencephalogram showed 
the presence of delta waves over the entire cortex, indicating diffusely increased intra- 
cranial piessure The patient was discharged and preparations were made for operation 
She was leadmitted to Duke Hospital, November 4, 1940 Endocrine examination 
showed ox^cephal>, marked bilateral exophthalmos (Fig 9 A), retarded statural growth, 
paitially retarded sexual maturation, headaches and convulsions The conclusion was 
secondary hjpopituitarism due to increased intracranial pressure incident to oxjcephaly 
Intelligence tests revealed the patient to be a low-grade moron Prognosis for future 
de^elopment was not good 

Head measurements showed the circumference 49 5 cm , diameter from inion to 
glabella 15 cm , lateral diameter from one superior conchotemporal fold to the other 
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Tig g— Ci'se 4 — T C (Operition 1)n Or Bnrnes Woodlnll) (A nnd B) Pre 
operative photogr iphs showing extreme exophthalmos and dull countenance 



A B 


Fig 10 — Case 4 — T C (A) Preoperative roentgenogr im after air injection Note very small 
compressed ventricular sjstem (B) Roentgenogram made about 11 days after the second stage of the 
operation Note separation of skull fragments, the new growth of bone in the skull defect in the 
right subtemporal region, and correction of deformity 
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12 5 cm E\ophthalmometer readings, with the instrument set at 112, were 26 Mm in 
both eyes, visual fields consideiably constricted Visual studies showed 20/400 in the 
light eye and 10/400 111 the left eye Both fields weie considerably more constricted than 
at the time of the last admission, almost down to the point of macula vision in the left 
eye Audiograms disclosed normal hearing m both ears An electroencephalogram 
showed slow enlarged and misformed waves abundant over all regions during the resting 
state, being most marked over the right occipital legion 

On November 13, a photograph was made showing extreme exophthalmos with pro- 
trusion of both eyeballs beyond both lids, in fact, the under surface of each eyeball was 
m contact with the skin overlying the lower rim of the orbit (Fig 9 B) 

On this date operation was carried out on the right side by Doctor Woodhall, in the 
usual manner Bone was removed from the right subtemporal region, but the dura was 
not opened The dura expanded markedly through the bony defect Morcellation was 
carried out The resulting expansion was more marked than observed m Case 3 Imme- 
diately following completion of the dressing and application of the bandage, it was quite 
remarkable to see the diminution of the exophthalmos involving the right eye, whereas 
the left eye remained protuberant 

An electro-encephalogram made December 13, one month postoperative, showed the 
amplitude of the waves within normal limits throughout the entire record, a marked 
improvement — normalization — of the electroactivity compared^ with the record of No- 
vember 5 

At discharge, December 14, direct vision was 20/200 in the right eye and 20/400 in 
the left Circumference of head m horizontal plane was 49 5 cm preoperative, and 50 5 
postopei ative , in the saggital plane 28 cm preoperative, and 28 cm postoperative , in the 
coronal plane 27 cm preoperative, and 28 cm postoperative With the ophthalmometer 
set at 1 1 2, preoperatively, both eyes show 26 Mm Postoperatively, the ophthalmometer 
set at 108 showed 24 Mm both eyes The patient was to return at three-month intervals 
for observation 

Patient was readmitted to Duke Hospital, August 24, 1941, for the second stage of 
the operation It was noted that the patient had not had any convulsions since the first 
operation, and headaches have been very mild 

Plain loentgenograms of the skull showed definite evidence of healing, particularly 
over the transverse resection areas and in the subtemporal area Where the bone had 
been completely removed, almost one-third was covered by new bone This was perfectly 
obvious upon palpation of the defect 

The second stage of the operation was carried out on the left side, by Doctor Wood- 
hall, under bactericidal radiation Avertin-ether anesthesia was used The bone was 
completely removed in the low temporal squama as was done on the right side Alarked 
increased intracranial pressure was evident with elevation and separation of the individual 
skull segments The scalp incision was closed The patient’s condition was excellent 
throughout the operation, followed by uneventful healing of the wound (Fig ii A and B) 
Postoperative electro-encephalography showed iriegular waves of not enlarged ampli- 
tude and of continuously changing frequency over all regions Pathologic forms absent 
No alpha rhjthm was present Overventilation, m contrast to the former examination, 
has no influence upon the pattern No special irregularities m the right paneto-occipital 
legion were evident The record was regarded as within the lange of normal 

Head measurements following operation Ciicumference 53 cm , nasion to inion 33 cm 
Postoperative roentgenograms were made (Fig 10 B) 

Psychometric examination was carried out at this time, and indicated an improve- 
ment m the patient’s mental condition and behavior She showed more confidence in 
herself and the tempo did not appear so retarded 

Doctor Woodhall’s final statement about this patient follows “To this date, it is m\ 
impression that the child has been definitely improved by the two-stage operation upon 
the skull A glance at her photographs on November 5, 1940, as compared with Sep- 
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resulted fiom the lelief of the compression of the pituitaiy body by the wide 
decompressive effect affoided by the opeiation This suggestion is made as 
a possibility, and not as a firm belief 

Sufficient evidence is presented to warrant the use of this opeiation in 
cases of true oxycephaly It is advised that the opeiation be done before 
failui e of vision and marked changes m mentality occur This procedure may 
be of value m miciocephaly It might also be of value in the treatment of 
childi en with partial obstruction of the aqueduct accompanied by a mild degree 
of internal hydrocephalus, as suggested by the marked mciease in the size of 
the skull in aiiested cases which reach adulthood 

SUMMARY AND CONCLUSIONS 

(1) Oxycephaly and allied conditions of the skull due to prematuie closure 
of the sutuie lines, without opeiation, terminate m blindness, dulled mentality 
and death, unless spontaneous ariest of the condition intervenes 

(2) An opeiation was proposed b}' the author, and pei formed foi the first 
time m 1936 This operation may be undertaken in two stages, or m one 
stage, if ciicumstances peimit 

(3) A description of the opeiation is given 

(4) A repoit of four cases is made Case 1 was operated upon five years 
ago A biief follow-up report of this case is made, substantiating beliefs 
stated in the prehminaiy leport published 111 1938 Immediate improvement 
has followed in all cases operated upon 

(5) Refeience is made to othei cases improved by opeiation, but not le- 
ported in this papei 

(6) Hypopituitarism associated with these conditions may be affected by 
the diminution of the increased intracianial piessuie affoided by the operation 

(7) The piocedure is not advocated in cases of microcephaly, or idiocy 

(8) Good results should follow perfoimance of this opeiation in cases of 
ti lie oxycephaly 
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Discussion — Dr Barnes Woodhall (Durham, N C) We have had 
the opportunity of operating upon three children with oxycephaly, using the 
procedure described by Doctor King We have been pleased with our results 
as compared with those obtained previously with the use of subtempoial 
decompression In all cases, the vertex deformity so characteristic of oxy- 
cephaly has been obliterated and a normal contoui of the skull has been re- 
established In each instance the circumference of the skull has increased, the 
increase following operation in one case measuring some 4 5 cm The most 
striking evidence of the relief of increased intracranial pressure by morcella- 
tion of the skull is found in a comparative study of electro-encephalograms 
taken before and after opeiation Before opeiation, studies of coitical activity 
show distorted foims with unstable fiequencies, with large three-per-second 
waves in all leads Following opeiation the recoids have returned to normal 
In each case, the diminution m visual acuity, which may be so profound in 
oxycephaly, has been checked over a postoperative period of obseivation of 
some two and one-half yeai s, and in one instance vision has improved In one 
case, convulsions which had been piesent for a period of some ten months 
prior to opeiation ceased following operation and have remained absent for 
a period of ii months without any other type of anticonvulsant therapy 
Finally, the parents of these children affirm that they have ceased to complain 
of headache and visual loss and they are much more normal m every respect 
In our observation of some five cases recently, we have recognized two 
distinct foims The first is that of true oxycephaly, with the characteristic 
deformity associated with a beak-hke nose, hypoplasia of the maxilla, prog- 
nathism and occasionally with deformities elsewhere in the body The second 
t3fpe is the so-called delayed oxycephaly, with the characteristic deformity and 
skull changes without the other features of ti ue oxycephaly 

In our colored slides I have endeavored to illustrate this second type of 
oxycephaly The first stage morcellation of the skull as earned out by us is 
also illustrated We have not seen fit to undertake the procedure in one 
stage in these oldei children but, undoubtedly, as Doctor King has pointed 
out, a one-stage procedure could be advantageously and safely carried out in 
an earlier and younger case In our experience, morcellation of the skull 
appears to be an ideal procedui e for the relief of oxycephaly 
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The purpose ol this papei is to emphasize the impoi lance ol early opera- 
tion in the pievemiou o( mfecl.on and to dn,c«.s cola.n technical p.ocedmes 
which, Horn peisonal cxpeuencc. have been found most eflect.ve in the tieat- 

ment of compound fiactmes of the vault of the skull ,,,11 

The discussion does not include fiactine of the base of the sKull uluch is 
iisuallv compound thiough the cianial sinuses, 1101 pcnetiatmg Mounds pio- 
diiced'by gunshot 01 othci agents The situation cieated by compound Irac- 
tiiies of the base of the skull, because of then usual inaccessibility, is often a 


most complex one, totally unlavoiable to effective sviigciy 

The fiequenc} of open rounds of the head and the benefits of suigeiy m 
the prevention of infection give to these wounds an impoitance fai exceeding 
that of an^ othei suigical lesion pioduced by head tiauma Open fractures of 
the ^ault of the skull should pieseiit few pioblems of management to those 
familiar with such injures but unfoi tunately they aie often inadequately 


treated , 

The pievention of infection is dependent on lemoval of contamination by 

early operation, and w^e believe theie should be no delay in disinfecting these 
wounds beyond that necessitated by the patient’s geneial condition A delay 
of more than eight boms is rarely leqnncd If infection is pi evented the 
mortality is lowq ceiebial scan mg is minimized, and epilepsy as a late lesult 
IS much less likely to develop 

The principle of early, thorough opeiation within the first few hours after 
injury has been widely accepted as fundamental in the management of these 
cases, but theie is not complete agieement Review of lecent bteratuie dis- 
closes that a delay of 24 to 48 boms between the injury and operation is 
recommended by Munro,^ m all cases of compound fiactuie of the skull If 
operation is not undertaken within 48 houi s, be advocates a furtliei delay of 
from three to six months It seems difficult to justify a delay of at least 24 
hours in all cases when surely infection will develop in many of these con- 
taminated wounds and may lead to fatal intracranial complications We can 
see little reason for opeiation upon those who survive thiee to six months 
unless pel haps as a belated effort to prevent or control epilepsy or to eradicate 
osteomyelitis Certainly, it would seem that the oppoi tunity for 1 endei ing the 
gieatest seivice to the patient may be lost by delay It being impossible to 
pi edict the houi when infection will begin in a contaminated wound, the only 
safe couise m such an uncertain situation is to remove those factors which 


lead to infection as soon as the patient’s condition permits It is tine that 
chemotheiapy may letard the onset of infection but the sulfonamide agents 


* Read before the Southern Surgical Association, Pinehurst, N C, December 9-1 1, 
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should be considered mei ely a supplement to, and in no sense a substitute foi , 
early, adequate suigical treatment 

It should not be assumed that patients with compound fiacture of the 
skull are necessarily m a state of shock Many of them with ciushing frac- 
tures of the vault and extrusion of pulpified brain tissue through the scalp 
laceration aie conscious, alert, and m good geneial condition on admission to 
the hospital Shock may be piesent from loss of blood oi severe associated 
injuries but an analysis of a large senes of consecutive head iiijuiy cases in 
my clinic has shown that the incidence of shock, as detei mined by clinical 
observations and blood piessure leadings, was less than lo pei cent of the 
total number admitted to the hospital When the injury is confined to the 
head shock is even more unusual A high percentage of compound fractures, 
therefoie, may he safely opeiated upon within the fiist eight hours, and our 
lecords show no instance of shock developing from early operation for com- 
pound fi acture of the skull We do not fix an arbiti ary time limit for operation 
in cases when delay is unavoidable from shock due to associated injuiies or late 
admission of the patient to the hospital These cases must be individualized 
and some of them, if given eaily chemotherapy, may be successfully opeiated 
upon for the pievention of infection at a much later peiiod than was foimerly 
thought possible Success of delayed operation in some of these cases, when 
such delay is absolutely necessaiy, in no way invalidates the aiguments foi 
early opeiative treatment in patients whose general condition is good and, in 
our experience, the large majority fall in this class 

When shock is present the treatment obviously should be diiected to this 
condition and except for the arrest of external hemorihage by simple means, 
no local suigical treatment of the head wound is permissible The hair should 
be clipped about the laceration, sulfanilamide powdei freely dusted in the 
wound and a sterile bandage applied Tiansfusion may be necessary It is 
of the greatest impoitance that shock is not inci eased eithei by ill advised 
surgery of the head wound oi the injudicious management of associated in- 
juiies Manipulation of fiactured long bones, unnecessary handling of the 
patient or roentgenologic examination should be postponed until the patient 
has recovered from shock 

Opeiation for compound fiacture of the skull will vaiy from disinfection, 
debridement and sutuie of the scalp laceration overlying a compound linear 
iracture, to a A'^ery extensive proceduie m severe cases wnth hi am laceration 
from mdnven fragments of bone, requiring thoiough debridement of scalp, 
bone, dura, and biam However, the underlying principles of treatment are 
the same in all open wounds of the head 

Thorough disinfection and debridement of scalp lacerations aie most impor- 
tant features of the operative technic of compound fractui es Some years ago 
we substituted irrigation with normal saline or Ringer’s solution foi chemicals 
111 the disinfection of simple scalp lacerations The effectiveness of mechan- 
ical removal of contamination by large quantities of nonirntating solution was 
amply demonstrated by Cushing” m the treatment of penetrating brain wounds 
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duung the Fust Woilcl Wai liis lesults had much to do with the adoption 
of similai methods foi disinfection of the associated scalp and bone injuiy 
Roentgenologic examination, ^^hlch is a loutine pieliminary to opeiation, 
may show maiked depiession of the bone fiagments Extruded brain tissue 
IS often seen matting the ban about the scalp wound Patients with a ciush- 
ing fiactuie in the fiontal legion and seveie damage to the biain fiom in- 
diiven fiagments of bone aie fiequently conscious on admission The state 
of consciousness m these cases ma} be contiasled with that in moie common 
types of injui) in aaIucIi the patients receive a heavy blow on the head which 
may oi may not pioduce a linear fiactuie but does cause immediate and more 
01 less piolonged unconsciousness The explanation of letention of conscious- 
ness 111 cases of depiessed fiactuie may well he in the fact that the giving way 
of bone in the depi essed fractui es acts as a shock absorbei to the impact and 
lestiicts the effects of the concussional force to the legion of the injuiy 

Local anesthesia should be used whenevei this is piacticable, and we do 
not hesitate to give morphine to quiet a lestless patient at the tune of opeia- 
tion if the examination does not indicate inci eased intiaciamal pressure 
Intracianial pressure is often spontaneously lehevcd in cases with laceiated 
dura by the extrusion of blood clot and pulpified brain tissue Iodine and 
alcohol may be applied aiound but not used in the wound Novocain solution, 
I per cent, with thiee drops of adienalin to the ounce of solution, is then 
injected in the scalp aiound the wound The scalp laceiation should be 
freely iingated with Ringer’s oi saline solution and the laceiation debnded 
back from its edge for at least one-eighth inch Aftei this is done the wound 
IS again iriigated The fracture should be caiefully inspected and if it does 
not appeal to be contaminated and is not depressed, no ti eatment of the fi ac- 
ture line is indicated In some cases theie may be obvious contamination of 
the fracture line with foreign matter such as hair and grit caught between the 
bone fiagments When such is the case it is necessary to excise the contam- 
inated fracture line with a nairow rongeui to peimit complete disinfection of 
the wound The sutuie of a disinfected scalp laceiation, usually considered a 
inmoi piocedure, has been called by Colonel Can ns, of the British Army “the 
most impoitant cranial opeiation of war” Aftei complete disinfection and 
debridement the scalp laceration is sutured in all cases in two layers with 
interrupted fine silk sutuies The whole ti eatment of compound lineai fiac- 
tures m the laige majority of cases consists merely of adequate disinfection, 
debridement and suture of the ovei lying scalp laceration 

It may be necessary to enlaige the scalp wound aftei it has been disin- 
fected and debnded in order to give better access to the fracture When the 
fracture is exposed the depressed fragments often may be removed with little 
difficulty but in some cases the fragments are locked and require a bur-opening 
adjacent to one of the fracture lines and the rongeui mg away of a small area 
of bone to fiee the impacted fragments 

Usually theie is very little hemoirhage m removing the bone fragments 
but when the fracture overlies a laige venous sinus one must proceed cau- 
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tiously and be piepaied to deal with formidable heinorihage should one of the 
venous sinuses be punctured by a spicule of bone The application of muscle 
grafts IS the most effective way to contiol hemoiihage from one of these 
sinuses but much blood loss may result before the bleeding is stopped In one 
such recent case the patient was practically exsanguinated on admission and 
died fiom hemorrhage from the sinus before the laceiation of the sinus could 
be exposed 

If the exposed dm a shows no laceration, one should attempt to determine 
whethei there is undei lying hemorrhage caused by the fractuie A bluish 
discoloiation of the dura indicates there is subdural bleeding and if operation 
IS undertaken early after injury it may be safe to open the dura and remove 
the clot and macerated brain tissue by irrigation and suction Howevet, if 
there is doubt as to the completeness of disinfection of the wound, the dura 
should not be opened unless demanded by evidence of considerable subdural 
bleeding which would necessitate the removal of accumulated blood and control 
of subdural hemorrhage 

There is no general agreement regarding replacement of bone fragments 
in compound fractui es of the skull In some cases we have replaced the frag- 
ments on the dura with fiun healing m a few weeks The chances for healing 
of the replaced fragments without infection are perhaps increased with chemo- 
theiapy but if one is not leasonably sure that they are free of contamination, 
or if the operation has been delayed beyond 12 hours, it would seem best to 
discard the fragments As a lule, it is inadvisable to leplace the fragments 
when theie has been laceiation of the dm a with severe injury to the brain 

When the dura is lacerated and there is localized injury to the brain, the 
macerated brain tissue, blood clot and other loose debris may be removed by 
irrigation and the suction foice of a bulb syringe, but this can be done moie 
effectively with the suction appaiatus With about eight to ten pounds of 
suction pressure, all lacerated tissue and blood clot can be removed down to 
the healthy brain tissue This may be done under direct inspection even 
though the biam wound reaches a considerable depth In some cases, pene- 
tration by spicules of bone causes a subcortical hemorrhage, which leaves a 
cavity of moderate size m the biain after the clot has been lemoved With 
a lighted spatula the brain wound may be inspected in all of its recesses for 
the removal of debris and exposuie of bleeding vessels Hemoiihage is con- 
trolled by coagulating the vessels with the electrosurgical unit after drawing 
them into a glass suction tip This is a most satisfactoiy method of dealing 
with hemorrhage in the depths of a brain laceration After the biam wound 
is thoroughly cleansed by irrigation and suction, and all bleeding arrested, it 
IS filled with Ringei’s solution We make a piactice of closing the dura in all 
cases It may be necessary to use a small graft of peiicramum, galea or tem- 
poial fascia 01 even fascia lata to secure tight closure Repeated irrigations 
are reqmied throughout the operative procedure for compound fractures of 
the skull 

Crushing fractui es of the skull in the frontal region frequently involve one 
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or both fiontal sinuses and the fiacture line may radiate along the base 
thiough the ethmoid and sphenoid sinuses Fiactuie thiough the fiontal sinus 
IS of no especial significance m the pioduction of eaily infection unless the 
adjacent duia is laceiated Should the sinus latei become infected, the patient 
would be exposed to the same intiacianial complications as may follow sinus 
infection fiom any cause In many cases of compound vault fiactuies theie is 
maiked comminution of the wall of the fiontal sinus with extensive laceiation 
of the dm a adjacent to the sinus and under the fiontal lobe, from fractuies 
radiating backwaid through the ethmoid The proceduie we have followed 
in such cases is, first to disinfect thoroughly the scalp laceration and brain 
wound, then lepair the dm a securely Aftei tight closuie of the dura, using 
a giaft if necessaiy, the detached bone of the sinus wall and the mucous mem- 
brane should be completely removed The sinus is then packed with iodoform 
gauze No drainage mateiial is inserted into the dm a in the treatment of any 
type of compound fracture, and, in our opinion, it should be avoided, espe- 
cially when the fractures involve the frontal sinus 

There appears to be no uniform piactice with lespect to intradural drain- 
age 111 severe fractures of the vault involving the fiontal sinus Cone^ recom- 
mends intradural diainage with the drain emerging in the lowei an tenor 
temporal region Munro'* inserts a conical wire mesh diain through the 
dural laceration into the defect made by "cortical excision ” We have acted 
on the belief that cases involving the frontal sinus and requiring opeiation on 
the sinus are especially unfavorable for any diainage material which passes 
into the dura Assuming that the brain wound has been thoroughly disin- 
fected, It appears to the writer that the most impoitant step m the technic of 
operation m these cases is the secure closure of the dura without di amage In 
all cases in which the dm a has been opened, we start sulfanilamide promptly 
but we have not used it locally within the dura in any type of intracranial 
operation 

In compound fracture of the vault with radiation of the fracture lines 
through the frontal and ethmoid sinuses, a cerebrospinal fluid leak may peisist 
from faulty repair of accessible dural lacerations and also in cases in which 
the tear of the dm a is inaccessible The sole suigical indication m fiactures 
of the base of the skull is to close a cerebrospinal fluid leak These injuries 
are not consideied m this paper but it may be mentioned that we use chemo- 
therapy promptly m all cases with leaking cerebrospinal fluid from any cause 
Chemotherapy will very likely obviate, to a great extent, the necessity of opera- 
tion 111 cerebrospinal rhmorrhea from basal fractures 

The same nursing care is required for patients after operation for com- 
pound fracture as for any other type of severe head trauma In cases with 
pulmonary complications it may be necessary to keep the patient m a lateral 
prone position with the foot of the bed elevated for a considerable part of the 
time to relieve obstruction of the air passages by bronchial secretions Infec- 
tion should be pi evented m practically every case of compound fracture of the 
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skull, and the results of operation foi compound depiessed fracture with 
laceiation of the duia and extravasation of hi am tissue are surprisingly good 

In a senes of moie than 2,000 consecutive head mjuiies admitted to the 
hospitals of the Medical College of Virginia fiom 1935 to 1940, inclusive, there 
were 224 compound fiactures of the skull, with a gioss mortality rate of 165 
pel cent Of this number, opeiation upon the skull for depressed fracture or 
contaminated lineai fracture was necessary m 105 cases, with an operative 
mortality of 1 1 4 per cent Of the entire group of 224 fracture cases there were 
40 with seveie associated injuiies not including those of the facial bones As 
was to be expected, the highest moitalitv was found m this latter group 

A cianial defect of consideiable size may lesult from the opeiative treat- 
ment of compound depressed fiactures Foi many years we have lepaired 
cranial defects for deformity m the fiontal region, and because of the patient’s * 
fear of injury to the unprotected aiea, 01 when certain subjective symptoms 
are piesent which might be attributed to fluctuation of the biam mass from 
sudden change of position 

Aftei a lather extensive and disappointing expeiience with the use of thin 
bone grafts from the outei table of the skull, we have used thick, perforated 
celluloid plates with excellent lesults as a substitute foi autogenous giafts^ 
Celluloid plates may be molded to the contoui of the skull by boiling the plates 
between the curved sui faces of two bowls We have seen only one infection 
from celluloid plate m a laige seiies of cases and this infection lesulted from 
its application ovei a defect which involved the fi ontal sinus A cranial defect 
should not be lepaired until seveial months after the wound has completely 
healed Inti acranial pressuie and letained foieign bodies are well known 
contraindications to cranioplasty VitalhunF and other foreign mateiials have 
been used foi cranioplast}'’ but they appear to possess no advantage over 
celluloid 

Cranioplasty with autogenous grafts fiom the outei table of the skull was 
described by the wiiter'’ in 1919 This repoit was based on a large series of 
cases opeiated on m the Cape May Hospital (USA Hosp No ii) The 
end-results of only a small numbei of these patients are known but it was 
clearly evident from those examined after their discharge from the army that 
this type of cranioplasty was unsatisfactory or a complete failure 111 many 
cases Many autogenous giafts fail to survive and of those that do, there is 
usually sagging in large defects of the veitex A veiy seiious objection to 
autogenous giafts from the outei table of the skull is that it requires a tedious 
and difficult operation to procure the graft I know of no opeiation which 
has less precision or may be more annoying than an attempt to remove the 
outer table of the skull to lepair a large defect In addition to the difficulties 

* The use of celluloid plate for the repair of cranial defects was described by Dr 
William Perrin Nicolson at a meeting of this Association in 1904 At another meeting, 

20 years ago m this hotel, Doctor Nicolson made further reference to the advantages of 
celluloid plate in the repair of cranial defects, stating it had been used by him constantb 
since his first report In a rather humorous way, Doctor Nicolson stated, “The only 
surgical objection I know to its employment is the fact that it is too easy and simple to do ” 
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of the pioceduie, one must seriously question the propriety of a prolonged 
session on the skull of a live human being with a hammer and chisel 

Sections of ribs have been used to i epair cranial defects When the defect 
IS in the frontal region, repair with iib or iib caitilage is unsatisfactoiy from 
a cosmetic standpoint and cranioplasty by this method is also a tioublesome 
pioceduie Among the autogenous grafts, peihaps those from the ilium are 
the most satisfactory 

Except for its cosmetic effect, the relief of certain subjective symptoms and 
the sense of protection it gives the patient, there is no othei indication foi the 
repair of cranial defects We believe that all of these indications for ciamo- 
plasty can be met by the use of celluloid plate and theie seems little justifica- 
tion foi doing a long, tedious proceduie when a moie simple one will suffice 
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Discussion — ^Dr Chalmers H Moore (Birmingham, Ala) Doctor 
Coleman’s discussion of compound skull fiacture was of especial interest to me 
for two reasons First, oui methods have been diametrically opposite, and 
second, because oui results very nearly paiallel each othei We have pre- 
ferred to consider that the gieat majoiity of these cases aie either m shock at 
the time of admission, or in potential shock If operation is undei taken too 
early, one never knows to what depths he may have to go, and a potentially 
shocked patient may well be earned into piofound shock To be sure, there 
is local infection present at the time of injury, but the bacteiia do not spread 
through the tissues in 24 hours The lesults following delayed opeiatioii, 
considering sepsis as the primary problem, have shown a gieatly reduced 
mortality rate, the incidence of infection is not 11101 e than 3 pei cent, and that 
has been reduced by the use of sulfanilamide We do not hesitate to fill the 
wound with powder 

The lacerated scalp wound is inspected, and the sterile finger used to 
determine the presence of an undei lying fracture This is nioie definite than 
the roentgenogram If the skull is fractured, nothing moi e is then done except 
to fill the wound with sulfanilamide, apply a dry di essing, and institute treat- 
ment foi shock if necessary Twenty-four hours following injuiy is the op- 
timum time to Opel ate , there is no need to wait past that time unless of couise 
some contraindication exists, such as seveie associated injury This is often 
the case If necessary to postpone operation beyond 48 hours we, with Munro, 
have reached the conclusion that it is better to let the wound heal by granula- 
tion and cany out any necessary operative proceduies several months later 
We feel very strongly that many instances of potential shock will be pre- 
vented fiom going into piofound shock by waiting 24 hours 
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RECENT ADVANCES IN THE DIAGNOSIS AND TREATMENT OF 
RUPTURED INTERVERTEBRAL DISKS * 

Walter E Dandy, MD 

Baltimore, Md 

There can be few more remaikable examples of the excellent results that 
accrue from intelligent intensive cultivation of a surgical field than that of 
ruptured intei vertebral disks Twelve years ago a ruptured intervertebral 
disk was unknown ^ Now it is a clinical entity, with precise definition, sur- 
prisingly common, and curable by opeiative means, without risk or loss of bony 
structure Neurosuigeons now see moie ruptured intervertebral disks than 
any other lesion 

This entity accounts for an overwhelming percentage of the hitherto in- 
curable and untreatable low back pains and sciaticas, and miscalled sacro-ihac 
strains, arthritis of the spine, etc — all of which must have been anathema to 
orthopedists To have reached the present stage in diagnosis, it is to be ex- 
pected that many diagnostic tests should have been introduced and subse- 
quently become unnecessary And it is equally obvious that the operative 
treatment should have become greatly simplified 

At first, this lesion was localized by injecting small amounts of hpiodol into 
the spinal canal For the detection of the smaller protruding disks by filling 
defects, large amounts (5 cc ) of this substance were introduced by Mixter 
and Barr^ (i934) Unless subsequently lemoved, hpiodol is a permanent 
deposit in the subarachnoid space — ^lioth spinal and intracianial — and also has 
free access to the entire ventnculai system ReicherU (1937) introduced air 
as a contrast medium in order to avoid the huge masses of hpiodol With 
good roentgenograms and excellent interpretation of the air shadows, the 
results were almost as satisfactoiy The most important advance was attained 
through a statistical study of these lesions Simultaneously, and with identical 
results, and appearing in the same issue of the Archives of Surgery (1940), 
Love^ and Spurling® found that 96 per cent of all spinal ruptured disks were 
situated at the fourth and fifth lumbar vertebiae And if only lumbar disks 
were consideied, over 98 per cent were in these two situations This at once 
simplified the localization of the lesion to one of almost absolute precision, and 
entirely eliminated the need of spinal contrast media for its locahsatton How- 
ever, this fact did not alter the need for a means of diagnosing the lesion 
Semmes® (1939), emphasizing the characteristic clinical pictuie of ruptured 
disks, suggested that no spinal injections were necessary He reported 16 
consecutive cases opeiated upon without contrast media or other tests, and at 
operation found disks in all cases 

Three important advances have improved upon, and greatly simplified, the 
operative treatment Originally, a bilateial laminectomy was perfoimed and 
the disk removed intraduially (i) Mixter and Barr (1934) removed the 

* Read before the Southern Surgical Association, Pinehurst, N C, December 9-11, 
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disks extiaduially, but still used the bilateial appioacb (2) Semmes (1939)- 
and shoitly afteiwaids Love" (i 939 ), lepoited their lemoval by hemilaminec- 
tomy and by lemoving only a notch of bone 111 a lamina, and, finally, (3) Love 
(1940) removed a high peicentage of luptuied disks through the interlaminal 
space without lemovmg any bone whatevei Love’s piocedure is the acme of 
peifection, but can be accomplished only nhen the variable space between the 
laminae is of sufficient size Piactically, it does not mattei whether a small 
bite of a lamina is removed foi bettei exposuie In a lecent case I removed 
a luptuied disk without sacrificing any bone whatevei, but also without lemov- 
mg the hgamentum fiavum This, howevei, is piobably of no piactical iinpoit 

CONCEALED VERTEBRAL DISKS 

In a lecent publication® the wiitei disclosed a vaiiation of this lesion which 
was called a “concealed disk,” and which repiesents about one-fouith of the 
total numbei Symptomatically, theie was no diflfeience whatever in the sub- 
jective 01 objective manifestations, but at opeiation the detection of the lesion 
was much inoie difficult The end-iesults in treatment weie precisely the 
same A concealed disk is one that protiudes so slightly that it could hardly 
be found at opeiation unless one exploied the subduial legion with great caie, 
but at the same time the findings are just as definite and unequivocal as the 
large piotrudmg disks Always, there is a very tiny bulge of the intei vertebral 
space, with thickening of the spinal ligament, it indents with pressure of the 
forceps, and gives a sense of fluctuation to the pressuie by them And when 
incised, the forceps dip deeply into a cavity in the disk When a cuiette is 
mtioduced maceiated vertebial disk is obtainable In none, howevei, does a 
sizable sequestrum of caitilage extrude thiough the opening At times the 
concealed disk is lateially placed, at othei tunes, at 01 neai the midline In 
every case the emeigmg neive has been quite adheient to it, and this attach- 
ment IS, I think, responsible for the pain, perhaps an intermittent piotiusion 
of the disk may be a factor, but theie is no pi oof of this, and the seemingly 
inelastic natui e of the ligamentous capsule would appear to deny it 

Theie are always tvo component paits of a lUptuied disk that are respon- 
sible foi the patient’s symptoms (i) The neciotic interior of the disk, under 
piessuie fiom edema, causes the backache, and (2) the piotiusion upon, or 
adherence to, the emeigiiig spinal neive causes the sciatica 

The realization of these two elements is necessaiy for the ceitainty of a 
cine A large proti tiding disk may be withdiawn and still not ,cuie the 
symptoms It is all-important that the iiitei 101 of the disk be opened It is not 
necessaiy completely to lemove the contents of the ruptured disk to pioduce 
a cure—that is in fact impossible— but it is necessaiy to open it as widely as 
possible in older that the nonviable content, 'i e , the sequestrum, may be 
subsequent!}^ exti tided thiough this opening The principle m tieatment is not 
unlike tliat of an abscess although the fundamental pathology is m no wise 
similai Theie is no mfectne basis for an uitervei tebral disk Always, it is 
a traumatic after-effect, and cuiiously, the trauma is always relatively slight 
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Curiously, a severe traumatic lupture of the spine never causes a protruding 
disk The explanation is, I think, that with severe injuiies the ligament over 
the doisal suiface is torn and piovides the vent foi its cuie, much like that the 
surgeon produces by incising this ligament and opening the interior 

A ruptured vertebral disk is one of the most satisfactory lesions to treat 
surgically When properly treated a cure can be expected in almost every 
case, and spontaneous cures, oi treatment by braces, etc , must be rare indeed 
Recurring attacks are to be expected throughout life, oi at least for many 
years Fiom the postoperative follow-up reports in the literature there have 
been 5 per cent recur lences So far, I have not had a recurrence This may 
be just a fortunate senes, but I am inclined to believe that the explanation of 
recurrences is the failure to open the cavity m the body of the disk Cures 
may result almost immediatel}'^, or they may take several weeks or even 
months, the difference, I think, is due to the time required for the complete 
extrusion of the affected disk Bony fusion has been recommended by some 
operators, but this is neither necessary nor advisable Patients should perhaps 
wear a brace for three months after opeiation, and should avoid heavy lifting 
and back strains during this time, thereafter they may continue in any 
occupation 

The diagnosis of ruptured intei vertebral disks is now one of the greatest 
simplicity and accuracy from the symptoms alone The character istic stoiy is 
(i) Low back pain, (2) spreading down the posterior aspect of one, or at 
times both legs, and (3) intensification of the pain m the back and leg by 
coughing 01 sneezing The only item of impoitance in the examination is the 
reduction or loss of Achilles reflex on the affected side At times there may 
be hypo-esthesia along the course of the affected nerve Given this story, 
theie can scarcely be any other lesion that need be consideied The pain 
begins after a heavy lift, a sudden twist of the spine, 01 an accident to the 
spine, or the trauma may even pass unnoticed Movements of the spine in- 
tensify the pain The pain is usually in recurring attacks, with more or less 
fiee intervals between, but the pain may be continuous, and m many cases it 
eventually becomes constant With continuous pain, a psychoneurosis is a 
possibility, this and very occasional tumors (I have encountered one) are 
almost the only lesions that need be considered m differential diagnosis At 
times the pain may be in the sacio-ihac region on one 01 both sides, occa- 
sionally there may be no back pain, and intensification of the pain by coughing 
and sneezing may be absent, but when present it leaves no doubt of the 
organic nature of the pain when a psychoneui osis is undei consideration The 
presence of normal Achilles reflex means nothing, the 1 eduction or absence 
means a great deal , its loss may be referable to either the fourth 01 fifth disk 

Another anatomic factor must be borne m mind, namely, the not infre- 
quent occuirence of a sixth lumbar vertebra, and when present the ruptured 
disk will probably be at tbe sixth disk Two of our cases, 111 this recent series, 
occurred in this position, it was only at the operation that the sixth vertebra 
was recognized and subsequently checked roentgenologically 
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they are diagnosed with ease and certainty solely hy analyzing the patient’s 
symptoms 

It IS the recognition of the concealed disk that has completed the solution 
of this problem which approaches lOO per cent m accuracy of diagnosis 
Befoie they were known there was a corresponding percentage of negative 
explorations, or, if hpiodol was used, a similar peicentage of patients \\ho 
were denied operation 

Since the elimination of contrast media, we have had (since April i, 
1941 to the time of this presentation, December 10, 1941) by clinical exam- 
inations alone, 63 cases without a single mistaken diagnosis Lipiodol and 
air injections into the spinal canal, therefore, do far more harm than good, 
and their avoidance is most enthusiastically welcomed by the patient In 
view of the fact that 96 per cent of all vertebial disks are at the fourth, fifth 
(and sixth) lumbar spaces (the percentage of the lumbar disks that are at 
these spaces is even greater), and since the unilateral approach is adequate 
to disclose the disk, regardless of the interspace involved, it only lemaiiis 
to make the diagnosis of a lumbai vertebial disk, and this is almost pathogno- 
monic from signs and symptoms alone 
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Discussion — Dr Chalmers H Moore (Birmingham, Ala ) The story 
of the extruded disk constitutes an important chaptei in the history of suigery 
for lelief of pain Aftei Dand)^ first reported this condition, in the late nine- 
teen-twenties, mteiest in the subject lay dormant for several years Re- 
cently, however, the hteratui e has contained many references to the condition 
There is no doubt that the disk accounts for much of what was formerly 
erioneously called sciatica I am familiar with a series of 200 cases which 
fall into two groups, one in which compensation was a factor, and the other, 
m which compensation was not a factor In the first group, 85 per cent of 
the results were pool , the patient still complaining of his preoperative pain 
Whereas in the noncompensation group, over 90 pei cent expeiienced relief 
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This peicentage luns about the same m my own senes of 32 cases Theie- 
foie this compensation factoi, piesent in so many cases, paiticularly in an 
mdustiial region such as Birmingham, must be home in mind in evaluating 
results in this condition, which is now being recognized with such inci easing 

fi equency 

Dr George E Bennett (Baltimoie, Md ) It is a gieat plepuie for 
me to have the oppoitunity to say a few woids about Doctor Dandy’s discus- 
sion on interveitebial disks, and particulaily in regal d to diagnosis and tieat- 
inent The orthopedists have often lefened to sciatica as a “headache 
There is no bone 01 joint lesion which gives us moie concern Needless to 
say, we are all pleased that anothei etiologic factoi has been definitely proven 
a cause of low back pain and sciatica 

I, foitunately, have lived long enough to have seen many cures developed 
foi sciatica and low back pain When I joined Doctoi Baei, in 1910, he 
was manipulating a great nunibei of patients for low back pain and sciatica, 
feeling that thei e was probably some displacement of the sacrum or the sacro- 
iliac joints In 1914, we checked ovei appi oximately 200 of these cases 
and found that 40 per cent of them weie cures We weie able to differ- 
entiate, and practically pi edict, the type of case that would be lelieved by 
manipulation It is a piocedure that we use at present but we do not use 
it as indiscriminately as we did 25 years ago 

The next piocedure that came into piominence was arthrodesis of the 
sacio-iliac joint for low back pain and sciatica This is a pioceduie which is 
effective when one has a definite lesion of the sacio-iliac joint which is re- 
sponsible for the pain and, in well selected cases, a high pei centage of excel- 
lent results IS obtained 

Next in order came the fusion of the lumbosacial articulation for the 
supposed slipping of a facet in an unstable spine, with local and referred 
pain I can recall a very prominent orthopedic surgeon making the statement, 
some 15 years ago, that this was a cure for sciatica This is a procedure 
which offers a very high percentage of very satisfactory 1 esults m those cases 
which are the result of abnormalities, etc , which one sees about the fifth 
lumbar vertebra and the top of the sacium 

In more recent years, Fieibeig called attention to the fact that the pyri- 
formis muscle in certain selected cases was the cause of sciatic pain When 
one sees a patient with a definite pyiiformis syndrome it is just as rational 
to divide the tendinous insertion of the pyiifoimis muscle as it is to operate 
upon the scalenus anticus for leferred pain to the arm Theie is a definite 
place for this opeiation but it is not the cure foi all cases of sciatica 

Doctor Ober has also lecently called attention to the shoitemng of the 
tensor fascia lata and advised division of this as a cuie foi sciatica Only a 
few years ago, at a meeting of this same organization, a paper was read on 
this subject and many cures were leported Again, this is a piocedure which 
works veiy satisfactorily in the type of sciatica uhich is caused by shortening 
of the tensoi fascia 

I think Doctor Dandy’s obseivation of many yeais ago that cartilaginous 
injmies would produce sciatic pain is a great contribution, and that he and 
other neuiosurgeons who have developed this field aie to be congratulated 
The}'’ have added one moie definitely pi oven pathologic process which is 
pioductive of low back pain and sciatica, but I do believe that a careful dif- 
ferential diagnosis is very essential before operation is recommended, and’ that 
It IS not a proceduie that should be used indisci iminately 
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Dr Joseph E J King (New York, NY) I want to say first that I 
agree with everything Doctor Bennett stated I was very glad that Doctor 
Mixter’s name was mentioned, as I do not think the question of herniation 
of the disk should be discussed without mentioning the names of both Doctors 
Mixtei and Alfred S Taylor It is to Doctor Taylor we are indebted 
for the hemilaminectomy, and inasmuch as most of the disks occur in the 
lumbar and ceivical regions, the hemilaminectomy popularized by Doctor 
Tayloi suffices 

I have had veiy little help from the use of an, and have almost come to 
the conclusions i cached by Doctor Dandy, namely, opeiation without any 
contiast medium On the other hand, it is very convincing to see the de- 
foimity in the hpiodol column pioduced by the disk However, once hpio- 
dol has been instilled in the subarachnoid space, it should be removed, inas- 
much as It “beads” around the component parts of the cauda equina if not 
removed I have seen this condition in three instances I undei stand the 
major portion of the hpiodol can be lemoved by aspiration through a rather 
large lumbar puncture needle, with the patient lying on the abdomen This 
has been demonstiated by the men m Boston 

I was glad to heai Doctoi Bennett emphasize the fact that all low back 
pains aie not produced by heiniation of an intervertebral disk In fact, only 
a small peicentage of patients suffering from low back pain have herniated 
disks Theie is a tendency to ascribe too many instances of low back pain 
to herniation of the disk Several yeais ago it was the fad to believe that 
fusion was indicated m most cases of low back pain Today one notices 
the tendency to attribute many instances of low back pain to herniation of a 
disk 

A number of wi iters have stated that hypertrophy or thickening of the 
hgamentum flavum may be present with oi without a disk and may pioduce 
low back pam I should like to ask Doctor Dandy his opinion on this ques- 
tion 

Dr Walter E Dandy (Baltimore, Md , closing) I shall only answer 
Doctor King’s question about the hgamentum fiavum My friend Doctoi 
Reicheit, of San Francisco, desciibed it, but I have never been convinced that 
a thickened hgamentum flavum can cause sciatica or low back pain 

Doctor Mooie spoke of the functional disturbances simulating a ruptured 
vertebral disk This is veiy impoitant One has to be on guard against 
the constant backache that always obtains m cases of malingering The 
ruptured intervertebi al disk causes lecturing backaches and lecurrence after 
slight trauma This leaves no doubt about its organic nature They may, 
indeed, malinger afteiward, but the evidence should be clear 
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CARCINOMA? * 
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It would seem trite to state that the theiapy of any gastiic lesion should 
be based on the pathologic natuie of the lesion, on the lecognition of the 
vaiious mechanisms by which healing of the lesion is accomplished, and, when 
lemoval of the lesion is indicated, on the changing physiologic and chemical 
changes set up as a lesult of the suigical pioceduie employed to pi event 
recuiient ulceiation That ceitain benign gastiic ulcers will heal under 
nonsuigical theiapy piopeily earned out is well known That such a group, 
however, cannot be so leadily dismissed from oui consideration as surgeons 
IS evidenced by the fact that many such ulceis, even though benign m char- 
actei, do not completely heal, but only seem to do so, and recui when the 
methods diiected toward then tieatment aie discaided and the pievious habits 
of eating and conduct of life are lesumed If such a cycle was confined only 
to those lesions suspected of being benign gastiic ulcers, the seriousness of 
such lesions might be ovei estimated That such is not the case, however, is 
evidenced by the fact that the same methods of evaluation which would seem 
to indicate healing of the lesion may also take place when the ulcei is can- 
cerous, and an attempt to treat the lesion by nonsuigical methods when it 
reappeais may delay suigical treatment until the lesion becomes inoperable 
It is apparent, theiefore, that one of oui pioblems as diagnosticians and 
surgeons lies in tiying to determine the pathologic natuie of the lesion fiom 
the patient’s histoiy and physical examination and the repoits of the loent- 
genologist and the gastioscopist In many cases this is exceedingly difficult 
Although the expeit roentgenologist may lecogmze the piesence of a gastiic 
lesion 111 98 pel cent of cases in which it is piesent, he has emphasized re- 
peatedly that theie is a definite percentage of erioi m distinguishing a non- 
mahgnant fiom a malignant gastiic ulcer This has too frequently been 
foi gotten 

In a study of all of the patients operated upon for caicinoma of the stomach, 
between the yeais 1907 and 1938, inclusive, at the Mayo Clinic,^®' 22. -’3 
although the 1 oentgenologist lecognized the presence of a gastric lesion in 99 
pel cent of the cases, an unqualified diagnosis of cancel of the stomach was 
made m only 75 pei cent of the cases m which gastiic lesection was performed 
A roentgenogiaphic lepoit of gastric ulcei was made in 10 per cent of the 
cases The gastioscopist has aided us in lecognizmg the presence of lesions 
difficult to visualize loentgenogiaphically, namely, those on the posterior 
caidiac portion of the stomach and some of those on the lessei curvature 
pioducmg distui bailees of motility suggesting that the lesion was duodenal 

•"Read before the Southern Surgical Association, Pinehurst, N C, December 9-11, 

1941 
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owing to the associated pyloiospasm Even when the lesion is obseivable, 
the possibility of misinteipretation of the pathologic natuie of the ulcerating 
lesion by the gastioscopist must be definitely emphasized as a possible source 
of eiror It is because of these difficulties m making a differential diagnosis 
between benign and malignant gasti ic ulcei s and because many of them do not 
reach the surgeon until they have become large ulcerating caicmomata or 
perhaps until metastasis has occuiied, that I have thought it woith while to 
call attention to some of the other possible souices of erior which confiont 
us all in diff ei entiatmg between the benign and malignant gastric ulcei 

In the annual oiation for 1936, dehveied before the Medical Society of 
London, Sii James Walton quoted Stewart’s statistics, which aie so important 
that I think they should be constantly kept in mind, especially since Sir James 
said that they aie geneially accepted Stewait stated that 10 per cent of 
chronic gastric ulcei s become caicmomatous, that 17 pei cent of gastric 
carcinomata originate m chronic gastric ulcers, but the incidence is probably 
much higher since many ulcei atmg gastric lesions are so laige, when examined 
pathologically, that it is difficult to determine whether 01 not they might or 
might not have oiigmated m a gastric ulcer Accoiding to Katsch,'^ 20 per 
cent of gasti 1C ulcei s become malignant, and Finsteref* found that the ulcer 
was carcinomatous m 141 of 532 cases in which resection had been performed 
for gasti 1C ulcer, an incidence of “209 pei cent” Recent studies in this 
countiy by Allen ''ud Welch^ revealed that cancel was present m 14 per cent 
of cases m which an original diagnosis of ulcer had been made In a series 
of cases reported by Khngenstem^ and Colp,- this incidence was 12 per cent 
Several years ago it was suggested that a therapeutic test could be made 
by subjecting patients who were thought to have benign gastric ulcei s to a 
course of nonsuigical therapy, which consisted, for the most part, of neutraliza- 
tion of the gastric acidity, and of lelief of pyloiospasm and hypermotility of 
the stomach by complete lest and lelaxation Surgeons know the details 
of the nonsurgical methods directed to this end It was thought that, if the 
symptoms subsided, the lesion disappeaied in the roentgenogiam, and blood 
disappeared fiom the stools, the ulcer was benign and it had probably healed 
Expel lence has shown that these criteria of benignancy or even of healing 
have not stood the test of time, not only because many of the ulcers recurred 
as soon as the patient’s dietary and physical restrictions, imposed cluiing his 
stay m the hospital and during the ambulatoiy period, were discarded when 
the patient returned to work but because in a definite peicentage of the cases 
the ulcers were carcinomatous The recuirence of a chronic gastric ulcei 
treated by medical methods is quite understandable in view of the fact that 
unless complete contiol of gastric acidity can constantly be maintained, unless 
the associated gastrospasm or pylorospasm can be constantly prevented, and 
unless something unusual happens to that unknown condition called “tissue 
susceptibility” to recurring ulceration, and with the same acid factors present 
as existed befoie the medical treatment was instituted, lecuirence of the 
lesion takes place 
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Thiee weeks ago I sent a patient into the hospital for a three weeks' trial 
of medical treatment Examination revealed a gastric ulcer high on the 
lessei curvature of the stomach After being in the hospital for a week symp- 
toms attributable to the ulcer completely disappeared and tests for blood m the 
stools were negative At the end of the third week, roentgenologic examina- 
tion indicated that the lesion had disappeared, but gastioscopic examination 
revealed that an ulcerating lesion still was present In other words, had a gas- 
tioscopic examination not been performed the erroneous impression might 
have been reached that the ulcer had healed On the other hand, I lecently 
operated upon a patient in whom a malignant lesion of the stomach had been 
suspected, but roentgenologic examination, on two occasions, at the clinic 
failed to reveal the presence of a gastric lesion Gastroscopic examination, on 
the other hand, apparently revealed an ulcerating lesion high on the posterior 
wall of the stomach just off the lesser curvature At operation, both extia- 
gastiic and intragastric exploration, undei visual control, disclosed only a 
hypertrophic gastritis with some spott}'-, gra3nsh exudate here and there be- 
tween the hyperti opined gastiic rugae Although these cases are exceptions, 
both of them were observed m the course of one month They indicate that 
one cannot always lely too much on the roentgenogram in determining the 
changing character of a gastric ulcer, likewise, the gastroscopist’s interpreta- 
tion of his findings is subject to the same possibility of human eiroi To 
emphasize the point further, I should like to mention another case in which 
roentgenologic examination revealed a sizable crater due to a gastric ulcer 
Twenty-four hours later, a roentgenologic examination made under similar 
circumstances levealed that the ciatei was only half as laige as it had appeared 
to be on the previous day Natuially, such a degiee of healing probably did 
not take place in so short a time 

According to Schmdler,^'^ the seeming disappearance, or the decrease m the 
size, of the crater when the lesion is malignant is due to the infiltration of the 
crater by the caicmomatous process originating in one edge of the ulcer, granu- 
lation tissue filling in the remainder 

At the present time, my colleagues, Priestley and Judd,* are studying a 
group of 170 cases, observed at the clinic between 1930 and 1937, m which a 
diagnosis of gastric ulcer was made and the patients were placed on a medical 
legimen Many of these patients were operated upon later because of recur- 
rence of the benign lesion and others foi gastric caicinoma Other similar 
studies of the permanency of supposed healing of chronic, benign gastric 
ulcer, when the patients have been placed on a medical legimen, should be 
earned out 

It may have seemed out of place to consider the so-called laboratory 
methods of deter mining the presence and the nature of ulcerating gastric 
lesions before considering the symptoms I have done so purposely because 
I wish to emphasize the inconsistency of assuming that patients with benign 
ulcers of the stomach have symptoms which are characteristic of benignancy 

* Doctors Priestley and Judd will publish the results of their study when completed 
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Such symptoms are frequently referred to as “the ulcer type of dyspepsia” and 
aie chaiacteiized by burning epigastiic pain that appears one to two hours 
after eating and is relieved by ingestion of food oi bicarbonate of soda, oi by 
emptying the stomach These, accoiding to Sippy, weie moie accurate in 
differentiating a benign and a malignant gastric lesion than the roentgenologic 
examination, as carried out at that time, 1919 ^i^d 1920, m his hospital The 
fallacy of this viewpoint is evidenced by the fact that 111 33 per cent of the cases 
of carcinoma of the stomach 111 which operation was peifoimed at the clinic 
between 1907 and 1938, inclusive, the patients had an ulcei type of dyspepsia 
m almost a similar peicentage of cases, this ulcer type of dyspepsia had been 
the first symptom which the patients had obseived Of even greatei impor- 
tance, it seems to me is the fact that in these cases medical tieatment directed 
toward conti oiling the acidity and relieving gastrospasm was followed by 
effective 1 ehef of pain m 80 6 pei cent of the cases Several years ago I 
stated that it was my impiession that 20 pei cent of the patients upon whom 
I opeiated foi carcinoma of the stomach had been treated medically foi many 
months on the assumption, from their history, that a benign peptic ulcei was 
present and it was only when the patients had failed to obtain lelief of symp- 
toms by these measuies that roentgenologic examination had been peifoimed 
and 1 evealed that the lesion was not a benign ulcer of the stomach 01 duodenum 
but a malignant lesion of the stomach As a histoiy suggestive of gastric 
ulcei IS obtained m one-thiid of the cases 111 which operation is performed for 
cancer of the stomach, and since medical treatment produces symptomatic 
lelief in 80 per cent of cases, it is quite apparent that the same difficulties in 
interpreting the pathologic natuie of a gastiic ulcei will be encountered 

In considering such a paiallehsm 111 symptoms of benign and malignant 
lesions of the stomach, one mvaiiably wishes to know if a study of gastiic 
acidity m such cases might not be helpful The piesence of achloihydiia in a 
case of ulcerating gastric lesion usually means that the lesion is malignant 
regardless of the roentgenographic report, but on the othei hand a lelative 
achlorhydiia was present in only 51 4 pei cent of the cases of gastiic car- 
cinoma 111 which resection was performed at the clinic and to which I have 
referred previously In compaimg the values for hydiochlonc acid it was 
noted that m cases of both groups, namely, those in which resection was per- 
foimed as well as those in which palliative piocedures were earned out, free 
hydrochloric acid was piesent and that the values, as determined by the 
method of Topfer, ranged fiom one to 29 m approximately 30 per cent, fiom 
30 to 49 in approximately 15 per cent, and 50 degrees or more m approxi- 
mately 5 per cent of the cases, respectively Allen and Welch^ found that 
“the percentage of cases with fiee acid m the stomach is just as high with 
‘ulcei -cancer’ as it is with benign ulcer” 

Theie are other factors lesponsible foi the patient not being given the 
benefit of surgical removal of a chronic gastric lesion at an early stage, among 
which is the opinion of some internists that the risk of removal of a gastric 
ulcer IS greater than the possibility of the lesion being malignant With this 
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I Wish to take definite issue, foi the iisk associated with removal of gastric 
ulcer should not exceed a maximum of 5 per cent, and it is possible to 
opeiate upon a large series of patients who have gastric ulcer and achieve a 
mortality rate of considerably less than 5 per cent In point of fact, partial 
gastiectomy was perfoimed at the clinic 111 89 cases m I939>^^ with a mortality 
rate of 2 2 pei cent, and in 88 cases in 1940,® with but one death In addition, 
excision of the ulcei, gasti o-entei ostomy, 01 both procedures were pei formed 
m 17 cases of gasti ic ulcei, with no deaths Opeiation was peifoimed m 64 
pel cent of cases of gastric ulcer obseived m I939 j 
cases observed in 1940 ''' 

In cases in which operation was pei formed for gasti ic ulcer, patients were 
selected caiefully many underwent a period of obseivation and a therapeutic 
tiial of nonsuigical tieatment 111 the hospital, and some were allowed to 
return home for two 01 three months during which time an ambulatory 
regimen was earned out At the end of such a period, reexamination was 
earned out Paitial gastiectomy was peifoimed only when the natuie of the 
lesion and the condition of the patient warranted this procedure From the 
standpoint of the possibility of recuirence of ulcei ation, I have never seen a 
benign gastric ulcei lecur or a gasti ojejunal ulcei develop aftei partial gas- 
trectomy when half or more of the stomach (which includes the ulcei) was 
removed This has not always been the case, howevei , when the gasti ic ulcer 
was excised and gastro-entei ostomy perfoimed On the other hand, in the 
nonsurgical methods of tieatment, recuiience takes place in a definite percent- 
age of cases 

Anothei argument sometimes used m a persuasive fashion is that when 
the lesion is situated high on the lesser curvature, according to the roentgeno- 
logic examination, not only a couise of medical therapy but a continuation of 
medical therapy is indicated because of the lelative inaccessibility to surgical 
removal and hence the increased suigical risk 

In a paper dealing with caidial gastric ulcers, Cleveland and I^'^- em- 
phasized that in several cases gastric ulcers which appeared, on roentgenologic 
examination, to be situated very high on the lesser cuivature were really not 
as inaccessible as they seemed to be, for, at operation, it was found that the 
peiforation of the lesion into the capsule of the pancreas had so shortened 
the stomach remaining above the lesion as to give an erioneous idea of the 
amount of stomach between the ulcer and the esophagus In these cases 
theie was actually moie uninvolved stomach than the roentgenograms indi- 
cated The eaily division of the gasti ohepatic omentum at a very high level 
assists m mobilizing the upper part of the stomach so that unusually high 
lesions could be lemoved without too great difficulty, especially when the origi- 
nal method of Billroth or the Hofmeistei modifications of the Polya opeiation 
aie employed, and wdien one lemoves a greater portion of the lesser curvature 
(containing the ulcei ) than of the body 01 greatei curvature 

* This percentage of patients operated upon for gastric ulcer should be compared with 
18 per cent of patients with duodenal ulcer wdio were operated upon in 1939, and 15 per 
cent operated upon in 1940 
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To confirm the impiession that although lemoval of gastric ulcer is made 
moie difficult when the lesion is situated above the incisuia angulaiis but the 
moitahty late from the opeiation is not inci eased appieciably, Cleveland and 
studied 42 consecutive cases m which opeiation foi a benign lesion 
situated in the cardial region of the stomach was performed at the clinic in 
1938 and 1939 The moitahty late in these cases was 2 3 per cent Thirty- 
five of the patients had benign ulcers in the caidial poition of the stomach 
In 26 of the cases, paitial gastiectomy was performed, with one death, a mor- 
tality rate of 3 8 pei cent In four cases, the ulcei was excised and gastro- 
entei ostomy perfoimed In one case, excision of the ulcer alone was under- 
taken, and in four cases, gastio-entei ostomy was performed In the nine cases, 
in which suigical pioceduies othei than partial gastrectomy weie employed, 
theie weie no deaths The relative incidence of lesions in the cardial poition 
of the stomach m these two years was 14 pei cent m the 542 cases in which 
operation was perfoimed for lesions of the stomach These included both 
cases of benign and malignant lesions 

Finsteier^ and Rieder^'* both reported nith favor on high gastric resection 
and lemoval of the ulcei whenever possible, and both advised the Kelling- 
Madlenei type of subtotal gastiectomy, which allows the ulcer to remain «i situ 
when it IS situated too high to be removed with safety They postulated that, 
by removal of the gieatest acid-foiming portion of the stomach, more peima- 
nent cme is efifected In this procedure, which was originally proposed by 
Kelling® 111 1918, and was described and brought into favoi by Madlener^^ 
in 1923 and 1929, lesection of the stomach below the site of the ulcer is 
accomplished by anastomosis of the stomach to the duodenum by the Billroth 
I-type of pioceduie FinsteieP has leported anastomosis of the end of the 
stomach to the side of the jejunum, posteiioi to the colon, in the palliative 
resection when fixation of the duodenum might cause tension on the suture 
line Lewisohn^® said that he did not favor the Madlenei procedure, as the 
postoperative lesults of Madlener’s opeiation in a large numbei of cases are 
unsatisfactory , the ulcer is not put at 1 est and gasti ic acidity is seldom suffi- 
ciently high pieopeiatively to require gasti ic resection foi its 1 eduction 

I have found the pioceduie of choice to be subtotal gasti ectom)% in which 
the incision is earned iiell beyond the lesion, which is lemoved The advan- 
tages of this pioceduie aie as follows (i) Removal of the lesion with its 
possibilities of hemoiihage, peifoiation or malignant degeneiation , (2) relief 
of associated pyloiospasm, and (3) deciease in the quantity of and concentra- 
tion of hydiochloiic acid secieted and stimulated ivhich lesults in an almost 
constant incidence of lelative achloihydiia mth almost total absence of gastro- 
jejunal ulceration The Polya-type of end-to-side anastomosis posterior to 
the colon, without entero-anastomosis, is, in my opinion, pieferable to anterior 
anastomosis 

The Billroth I (Habeier) method of direct anastomosis as modified by 
Horsley and Haberer is occasionally employed in selected cases and is an ex- 
cellent proceduie in certain cases of gastric ulcer and carcinoma It is par- 
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ticulaily useful in instances in which the duodenum is mobile and the lesion 
IS in the lowei third oi half of the stomach, for, undei these circumstances, 
the end-to-end anastomosis can be made without tension on the sutuie line 
It was noted by Clagett and me,^^ m a study of 272 consecutive opeiations for 
gastric ulcer peiformed at the clinic, from Januaiy i, 1933 to Januaiy i, 1937, 
that this proceduie was employed 22 times in contiast to the posteiior Polya 
operation, which was employed 131 times It should be emphasized that the 
results of the Billroth I proceduie for gastnc ulcei aie satisfactoiy in a much 
highei percentage of cases than aie operations of a similar type for duodenal 
ulcei This IS piobably due in pait to the fact that the Billroth I opeiation 
pioduces a 1 datively higher incidence of postopeiative achloihydna m cases ot 
gastiic ulcer than it does in cases of duodenal ulcer 

When the condition of the patient is such that lemoval of the lesion as a 
part of subtotal gastiectomy cannot be undertaken without too gieat iisk, 
then as safe a pioceduie as possible should be utilized which sufficiently le- 
duces gastric acidity and reduces gastrospasm so that healing of ulceration 
may be anticipated Suipiisingly good results may be obtained by less radical 
methods, such as excision of the ulcer with gastro-entei ostomy 01 occasionally 
by only excision of the ulcer Protection against fuither ulcei ation is accom- 
plished by reduction of gastric acidity by the gastio-entei ostomy This was 
done 50 times with very good results in the senes of cases studied by Clagett 
and me Eusterman and Balfoui^ showed that 79 pei cent of 100 patients 
upon whom gastro-enterostomy had been perfoimed foi gastnc ulcer were 
well after five yeais This proceduie, which caiiies a low risk (a moitality 
late of 3 9 pel cent m 540 cases, accoiding to Eusterman and Balfour), is thus 
worthy of consideration when conditions make excision 01 lesection impos- 
sible The palliative resection of Madlener, in which the ulcei is also left 
behind, has not been utilized at the clinic 

Excision with knife 01 cautery may occasionally be done without gastro- 
enterostomy but it IS not recommended because it does not offer an alteration 
in gastric function to pi event recuirence* In the occasional case it has been 
utilized with good results It does enable micioscopic study of the lesion 
Similarly, segmental or sleeve resection may be done to lemove the lesion, 
but disturbance in gastric peristalsis may follow in its wake even to the extent 
of the development of an hourglass deformity owing to contracture at the site 
of the anastomosis In addition, little change in gastnc function results, and 
recurrent ulceration may occur It has been used with some success in selected 
cases, however, but not m recent years 

It IS to be repeatedly emphasized that, when possible, removal of the lesion 
in some manner should be done to enable microscopic examination of the 
lesion If an excision of the ulcer is done and the lesion should prove, on 
microscopic examination, to be malignant, its removal by partial gastrectomy 
gives the patient the best chance of cure, for partial gastiectomy not only 
lemoves the lowei portion of the stomach beyond the point where diiect ex- 
Reduction of gastnc acidity and relief of pylorospasm 
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tension occurs (duodenal side of the pylorus) but it lemoves the lymphatic 
region in the adjacent gastrocolic and gastrohepatic omentums, which might 
haiboi malignant cells extending from the piimaiy lesion No one, by choice, 
desiies to leave behind a gastric ulcei with the menace of malignancy m it, 
but, if suivival of the patient is deemed impossible with its removal, some less 
satisfactory proceduie must be undei taken 

SUMAIAEY 

The tieatment of gastiic ulcei s should depend on the pathologic nature 
of the lesion, lemembeiing that a definite incidence, lO to 20 per cent, of 
cai cinomatous ulcei s cannot be distinguished 1 oentgenogi aphically from benign 
gastric ulcei s, and that there is not a definite symptom complex pathognomonic 
of benign ulcei ation of the stomach, for m one-third of the cases m which 
opeiation was peifoimed for gastric carcinoma the patients had ulcei -like 
histones and foui -fifths of these patients obtained temporary relief of symp- 
toms when placed on a nonsuigical medical regimen Experience has shown 
that a therapeutic tiial of medical treatment during which the ulcer seems to 
disappeai roentgenographically, symptoms subside, and blood disappears 
from the stools, cannot be lelied on eithei to exclude the possibility of the 
lesion being malignant or as an indication that recui 1 ence of the benign ulcera- 
tion will not take place when the patient 1 etui ns to his usual habits and activi- 
ties of life 

In the past few years operation has been perfoimed m approximately 60 
to 64 pel cent of the cases of gastiic ulcer observed at the clinic, and the 
mortality rates have not been greater, and sometimes have been less, than foi 
opeiations of similar type peifoimed for duodenal ulcer Duiing the same 
peiiod, the incidence of patients operated upon for duodenal ulcer varied fiom 
1 5 to 18 per cent The results of surgical treatment of benign gasti ic ulcei a- 
tion when subtotal gasti ectomy is perfoimed aie well-nigh perfect — supeiioi 
to similai operations for duodenal ulcer To date, I have not seen a case of 
recuri ent benign ulceration m which half or moi e of the stomach was 1 emoved 
with the benign gastiic ulcer 

Effoits should be directed to deteimine accuiately the percentage of pa- 
tients with benign gastiic ulcers who have remained well without recun ence 
aftei a course of nonsuigical treatment 

Although subtotal gastric resection is the operation of choice and should 
be employed pi eferably in all cases of gastric ulcer, thei e is a place for the less 
radical piocedure of excision of the ulcei and gastro-entei ostomy 01 gasti o- 
enterostomy alone Ulcei ation has lecurred raiely m some cases m which 
excision and gasti o-enterostomy have been pei formed but moie frequently 
when excision of the ulcer only was perfoimed 
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GASTRIC RESECTION FOR DUODENAL ULCER * 

FOLLOAV-UP STUDIES 
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American surgeons have approached the problems of radical opeiative 
proceduies for duodenal ulcer m a cautious manner This is the natural atti- 
tude since only a small percentage of all patients with duodenal ulcei fail 
to respond to the conservative measures can led out by our medical colleagues 
Actually, it appeals that a laige percentage of the satisfactory results from 
gastrojejunostomy or pyloroplasty weie m those patients who might have 
avoided surgery entirely Since there are so few individuals who cannot 
be adequately treated medically, it has taken some yeais to realize that in 
this small group of patients Avith inti actable ulcer, palliative operations are 
associated with a high percentage of failures 

It IS difficult to take the attitude conceinmg the stomach that Ave have 
long since accepted foi hyperactive endocrine glands Since, as yet, Ave have 
not been successful in finding a moie satisfactory solution to the pioblem of 
many types of pathologic physiology, it remains necessary, at the moment, 
to relieve these conditions by radical surgeiy In the case of duodenal ulcer, 
we are dealing with a poorly understood disarrangement of noimal physiology' 
Hyperacidity, tissue susceptibility, psychologic disorders and A^arious other 
factors of temperament, environment, and economics play a role Doubtless, 
m some instances, the location of the ulcer makes it unlike the majority of 
such cases in legard to nature’s ability to heal the lesion, and, if healed under 
ideal conditions, it is prone to recur, even m spite of adequate guidance by the 
physician and cooperation on the part of the patient Thus, Ave have the 
problem of protecting such individuals from repeated or continuous dis- 
ability, from episodes of massive hemorrhage and from lepeated perforation 
This group, as a whole, comprises approximately 20 pei cent of all duodenal 
ulcer patients coming to a large uiban hospital Of these, about one-fourth 
are operated upon for acute perforation and this complication Avill not be 
discussed m this presentation Of the lemaining 15 per cent, more than 
one-third are subjected to surgery because of cicatricial obstruction due to 
ulcer of long standing The remaining cases, representing less than 10 per 
cent of all duodenal ulcers, aie turned over to the surgeon because of massive 
hemorrhage or intractability It is Avith these last tivo groups that Ave par- 
ticularly Avish to deal in this paper, since they are almost as resistant to 
palliative operations as they are to medical therapy 

* Read before the Southern Surgical Association, Pinehurst, N C , December 9, 1941 
t Chief, East Surgical Service, Massachusetts General Hospital , Lecturer in Sur- 
gerj. Harvard Medical School, Boston, Mass 

t Assistant in Surgery, Massachusetts General Hospital, Boston Mass 
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Giadually, there has come about a more radical attitude regarding the 
kind of surgeiy indicated m this small group of recalcitrant cases Many 
Euiopean surgeons have advocated lesection of one-half or more of the distal 
stomach for duodenal ulcer foi 20 or more years In America, theie has 
been a hesitancy to adopt these ladical piinciples although some men, notably 
Beigi and Lewisohn,^ advocated and practiced these methods several years 
ago It was necessary hist to impiove surgical principles to such a degree 
that the moitahty foi a ladical opeiation would not be sufficiently high to 
offset the bettei lesults that might be obtained Pei haps moie importance 
was placed on the actual accumulation of expeiience to demonstiate that 
the moitahty could be low and the late lesults better than those following less 
ladical measuies It was haid foi us to forget that appi oximately 80 pei 
cent of duodenal ulcei patients were lelieved by palliative suigeiy in the days 
when such a pioceduie was the accepted tieatment Finally, we leahzed 
that 111 this laige gioup of patients lesponding to shoit-ciicuit opeiations, 
there weie many who would have done veiy well on a medical legiinen 
Eliminating the usual type of ulcei patient, we ai e pi esented with an entii ely 
different pioblem and it is these unyielding cases that we must consider in 
a different light than the majoiity 

The first question which we must strive to settle concerns the results that 
may be expected from these radical operations Most of the reports dealing 
with the subject aie concerned only with the immediate opeiative mortality 
and the vaiious modifications of the technic of the piocedure Walters and 
Cleveland,® St John, Harvey, Gins and Goodman ^ and Roscoe Graham® have 
made prehmmaiy studies of late lesults It is our intention to add our 
expeiience in this field, realizing fully that 0111 cases are few in number and 
not of sufficient duiation to considei them as end-iesults It is obvious, how^- 
ever, that the tiend of opeiation foi duodenal ulcei in oui hospital has defi- 
nitely changed duiing the past ten ^^eais, so that now very few cases are 
operated upon by palliative methods Doubtless, this is due to the fact that 
these less radical procedures are associated with a very high percentage of 
pool lesults On the othei hand, every patient who has had a ladical re- 
section of the distal half or more of the stomach and pylorus has been free 
of symptoms and none has as yet developed recuirent 01 anastomotic ulcers 

Analysis of 67 cases of jejunal (anastomotic) ulcei s in oui clinic indicates 
that one-thiid ongmate within the fiist yeai and two-thiids within the second 
yeai aftei the piimaiy operation Occasionally, this complication develops 
later and, in fact, two of oui patients developed jejunal ulcei s 18 years after 
then opeiation for duodenal ulcei During the past ten years, 16 jejunal 
ulcei s have been admitted following posterior gasti o-enterostomy previously 
pel formed in this hospital, 22 others uere admitted during the same peiiod, 
vho had had the gasti o-entei ostomy peifoimed elsewheie Since 137 patients 
survived posteiioi gasti o-entei ostomy in this decade, the incidence of jejunal 
ulcei IS well ovei 10 per cent This complication of stomal ulcer is by far 
the most seiious that occurs, but theie aie other evidences of patients being 
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Jejunol Ulcer (67 coses) 

Dole of onset (ollo««>ng primory operotion 

Chart I 

unrelieved of symptoms oi even m a woise state than existed prior to oper- 
ation Accepting the fact, then, that the pool results are so common in 
those having simple posterior gastro-enterostomy m this decade that we can 
eliminate this group from furthei discussion, we will concentiate on the 
results, so fai known, fiom other types of operation 

Table I 

DUODENAL ULCERS 
Massacliusetls General Hospital 
ULCERS INTRACTABLE BECAUSE OE P\IN OR BLEEDING 
Tjpe of Operation 



PGE 

Resection 

Other Operations 

1922-1926 

87 

6 

14 

1927-1931 

37 

8 

6 

1932-1936 

20 

39 

7 

1937-1940 

(4 years) 

8 

65 

S 


It has giadually become obvious to us that the type of suigeiy most 
likely to succeed is gastric resection The mannei in which this has been 
performed and the amount of stomach sacrificed has vaiied somewhat We 
have been influenced by the opinions of European suigeons as well as by oui 
more radical Ameiican colleagues Theie has now come about a geneial 
consensus of opinion that intractable duodenal ulcer should he tieated by 
gastric resection The ideal situation appears to be one that allows the safe 
removal of not less than one-half of the distal stomach and that portion of 
the duodenum containing the ulcer By a process of long prepaiation, the 
majoiity of patients can be hi ought to the operating room with a lesion 
healed sufficiently to make such a procedure safe Subtotal gastiectomy for 
duodenal ulcei is dangerous if the patient is depleted fiom lecent hemorrhage 
or from partial obstruction, or has an acute lesion associated with extension 
of inflammation due to perfoiation into the pancreas and othei neighboring 
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stiuctuies We should be able to avoid the first two iisks by adequate prepa- 
ration, uhile in most instances the acute and subacute reactions can be 
allowed to subside befoie undei taking the operation The chief danger in 
the lattei gioup is the management of the duodenal stump This has brought 
about methods of lesection foi exclusion of the ulcei aiea and without doubt 
these have loweied the iisk m certain cases The results, however, have not 
been so good and if the antial mucosa has been left, the results aie as bad as 
if not u 01 se than those obtained by gastro-entei ostomy 

In the ideal opeiation, one is able to lesect the pylorus and find suffi- 
cient healthy duodenum to secuie an adequate inveision of the stump We 
believe that this lequiies at least tin ee-quai tei s of an inch of free duodenum 
We have felt moie secuie with twro lows of catgut sutures inveitmg the 
cut end of the duodenum so that its peritoneal coats were in contact with 
each other We think that if this is done so that no mucosa protrudes be- 
tween the sutuie lines, healing wull be rapid and secuie A lab of omentum 
fixed ovei the stump is doubtless an added safeguaid If one has to be 
satisfied with sutures under tension, inadequate tissue of suitable healing 
piopeities 01 closure of the anteiioi wall of the duodenum to the pancieas 
ovei a lemaining ulcer bed, then complications with prolonged convalescence 
and possible fatal outcome must be expected With inci eased experience, 
the suigeon will find that he will be able to remove safely the diseased aiea 
in a laigei percentage of cases Dissection of the ulcei area fiist is not 
lecommended since often this may be earned fai enough to bieak up the 
inflammatoiy piotection about the lesion, only to reveal the involvement of the 
biliaiy and pancreatic ducts Having done this and then resoitmg to an 
exclusion type of lesection leave the ulcei in a more likely state foi per- 
foiation We have had this expeiience with fatal peifoiation thiee days 
following a subtotal gastiectomy foi acute massive hemorrhage Reports 
aie available of massive henioiihage from the ulcer when treated m this 
mannei, although, so fai, it has not occuiied m oui cases One can, how- 
evei, look the situation ovei caiefully and if theie is reasonable hope that 
the ulcei aiea can be safely included in the resection, then the lateial bolder 
of the duodenum can be freed, as originally advocated by Finney ® Having 
done this, one may deteimme the course of the common bile duct and its 
point of entiy into the duodenum Frecpiently, one can be suie that the 
aiea involved in the ulcei is sufficiently proximal to this point to allow a safe 
1 emoval 

If theie IS extensive involvement of the whole area, paiticulaily if the 
lesion is fairly acute, then it is safei to elect some foim of resection foi ex- 
clusion This teim we owe to Finsterer," who at fiist desciibed it as any re- 
section pioximal to the ulcei whether the distal segment included the p3dorus 
01 not He found, aftei his fiist publication, that seveial other surgeons had 
tiled similai procedures In his first papei on the subject, he advised le- 
moval of the antial mucosa and turning in only the muscular and serous 
coats when this segment was utilized When the duodenum was turned in 
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with the ulcer in situ, he latei advised routine diainage of the aiea In sub- 
sequent publications,® he not only advised leaving the antial mucosa but felt 
that these cells were impoitant to a good lesult He stressed a massive re- 
section of two-thirds to four-fifths of the stomach and attiibuted his lack of 
late jejunal ulcer to the laige amount of stomach removed We have, perhaps 
erroneously, not considered the lesections beyond the pyloius but proximal 
to the ulcer as lesections for exclusion, and have giouped them m the same 
category as tiue subtotal lesections The results in this small group would 
appear to be as good as a resection including the ulcei, but the postopei ative 
complications weie moie numeious and the moitahty was highei This 
was due largely, we are sure, to the inadequate management of the duodenal 
stump We have included as resections foi exclusion only those cases that 
have been transected through the antrum In this gioup, we have ten cases 
that did not have the antial mucosa lemoved, and five of the nine survivois 
developed anastomotic jejunal ulcers The other foui aie so far symptom- 
less, and we aie suie that these did not have a more ladical resection than 
those who developed jejunal ulcei s We have lemoved the mucosa m the 
antral segment m 13 lesections for exclusion and have erioneously called this 
Bancioft’s modification We aie indebted to Bancioft*’ for the idea aftei 
his leport on such a maneuvei for the modification of the Devine operation 
In these cases with a resection of moie than half of the stomach, leaving 
the antrum but lemovmg its mucosa, we have had one death m 13 cases 
In those who suivived the opeiation, theie has been no single instance of 
anastomotic jejunal ulcei so far Although this would indicate that the 
mucosa contained the elements needed to produce hyperacidity m the proxi- 
mal stomach remnant, the gi oup is so small that one can only use it for com- 
parison with the othei small group that did not have these cells eliminated 
We regal d this procedure as definitely second best on the basis of consid- 
erable increase in postoperative complications over those who could safely 
have the resection carried into health) duodenum Complications arose due 
to the thin, friable structuie of the posteiioi wall of the antrum after le- 
moval of its mucosa One must exeicise caie in the denudation and caie- 
fully infold the remaining tissues to close the dead space adequately We 
liaA’^e found it best not to ligate the mucosa at the pylorus but leave it open 
since this enhances the dischaige of seium into the duodenum 

McKittrick^® has suggested a deliberate two-stage resection m poor risks 
and in patients who had extensive ulcei ation or inflammatory leaction The 
relative smoothness of the immediate convalescence following lesection for 
exclusion without inteiference with the ulcei or antial mucosa is apparent 
to those who have used it Also, the ease with which this segment can be 
removed aftei weeks of physiologic rest is impressive Doubtless, an occa- 
sional patient so treated will develop jejunal ulcer before the second stage 
can safely be undertaken On the other hand, the majority of cases so 
tieated will suivive the two procedures and laiely will jejunal ulcer arise 
in the SIX to eight weeks’ interval between them In one instance, McKittrick 
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has obseived the healing of a jejunal ulcer after the simple removal of the 
pyloiic segment This patient had had three opeiations in othei hospitals 
befoie coming to us The last lesection had left him with a veiy small proxi- 
mal stomach segment but a veiy painful disabling anastomotic ulcer Al- 
though It had been lepoited that he had had a true subtotal resection, on 
exploiation it was found that a small antial segment had not been lemoved 
The jejunal ulcei pain was immediately leheved aftei this pyloiic segment 
was eliminated 

We hat'C reopeiated upon one man twice for jejunal ulcer after the hist 
lesection for exclusion without lemoval of the antial mucosa The second 
opeiation, six months after the oiigmal, consisted of a higher lesection of the 
stomach and the segment of jejunum containing the stoma and its ulcei 
Less than two yeais latei, anastomotic ulcer developed in spite of great caie 
on the pait of the patient By this time, we weie awaie of the danger of the 
antial cells so that at the thud opeiation the pyloiic segment was lemoved 
as well as the second anastomosis with its ulcer Although this man was 
neaily 70 yeais of age and somewhat aiteiioscleiotic, he had an easier con- 
valescence following the thud pioceduie than either of the other two He 
has remained entirely symptom-free now 24 months aftei his last operation 
We are convinced that the highei resection played a lesser role in the cine 
of these patients than did the elimination of then antral segment 


Table II 


duodenal ulcer 


Massachusells General Hospital 


MORTALITY (1931-1940) 


486 

Operations 


Per Cent 
Died Mortality 


Acute perforation 

i6s 

44 

PGE 

iSi 

14 

Resection 

iSi 

14= 

Other operations 

19 

2 


* Seven patients died after operation for massive 


z6 6 
9 3 
9 3 
10 3 

hemorrhage 


Table III 
duodenal ulcer 
Massachusetts General Hospital 


MORTALITY ACCORDING TO TYPE OF OPERATION (193I-I940) 


Resections 

Cases 

Deaths 

Per Cent 

Subtotal 

S6 

3 

5 4 

14 3 

Partial (P61ya or Billroth-ll) 

42 

6 

Billroth-I 

4 

0 

Pylorectomy 

26 

3 

II S 

Fmsterer exclusion (.through antrum) 
Fmsterer exclusion (plus removal of an- 

10 

I 

10 0 

tral mucosa) 

Gastrojejunostomy 

13 

151 

I 

14 

7 7 

9 3 

12 5 

10 0 

Gastroduodenostomy 

8 

X 

Pyloroplasty 

10 

I 

Devine operation 

I 

0 
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In Tables II and III, it is apparent that, in oiii hospital, gastiic lesection 
does not cany a higher mortality rate than less extensive opeiations We 
have classified those patients having moie than the distal half of their 
stomachs, including the pylorus, lemoved, as subtotal lesections Those that 
had a quartei to a half lemoved aie designated as having partial gastiectomy, 
and those who had the p3dorus only lemoved with gastiojejunal anastomosis 
as pyloi ectomies The Billroth-I opeiation was lately pei formed and was 
probably not moie than a pylorectomy We have described m the foregoing 
paragraphs our classification of the two lesections foi exclusion piacticed m 
our institution Simple posteiior gastro-enterostomy carried the same mor- 
tality as all of the lesections In the former gioup, one may immediately 
expect that these weie m the oldei, pooiei risk patients, but this is not the 
case In the latter group, we have included seven failuies fiom resection 
duiing an episode of massive hemoirhage All but two of these failures were 
in attempts to rescue a patient who had been bleeding for ovei a week The 
recovery group includes six cases, all beyond the age of 50, who weie opei- 
ated upon within 72 hours of the onset of bleeding 

Tabic IV 

DUODCNAC ULCrU 
Massachusctls General Hospital 

COMPLICATIONS POLLOWINC ISI GISTUIC RESECTIONS (lp3I-I940) 


Fatal Nonfatal 

Pentonitis 4 i 

Pulmonary 3 13 

Duodenal fistula i 3 

Section of common duct (bile peritonitis) 2 i 

Hemorrhage 4 i 

Obstruction 0 8 

Miscellaneous o 9 


In Table IV, we have analyzed the complications following gastiic le- 
section foi duodenal ulcer and grouped them as fatal oi nonfatal Those 
dying of peritonitis were due to the ulcer harboring viuilent oiganisms By 
piehmmary culture of the stomach contents, and by the use of sulfonamides, 
one might hope to eliminate these deaths Fatal pulmonaiy complications 
aie much less common than in previous decades and when they occur, aie 
usually 111 aged, debilitated patients Duodenal fistula should be a rare com- 
plication if one uses the propei opeiation foi each case It is important to 
recognize leakage when it starts and immediately establish external suction 
drainage One might occasionally benefit by drainage at the time of opeia- 
tion, using extreme care to avoid contact of the wick with the sutured duode- 
num We were shocked to find that theie were two common ducts injured 
during gastric resection foi duodenal ulcer, with fatal bile pentonitis Both 
of these weie patients of the same operator The nonfatal injury to the duct 
was recognized and repaired at the time of opeiation This not only com- 
plicated the convalescence but the patient still has sjmiptoms from a poorly 
functioning choledocho-enterostomy Hemonhage after resection should be 

536 



Volume 115 
Number 4 


GASTRECTOMY FOR DUODENAL ULCER 


laie One fatal instance was in a patient with a peciiliai hemoirhagic diathe- 
sis On leexploiation, blood was found to be coming from eveiy cut sin face, 
including his abdominal wall Although it was before synthetic vitamin K 
was available, Ins piotlnombm level was detei mined immediately after opei- 
ation and found to be 20 pei cent of noimal It is mteiestmg to note that 
postopei ative hemoiihage may occtii in patients of a normal piothiombin 
level, and ne have had two similai episodes m othei types of suigeiy One 
woman following ladical bieast amputation and one man following subtotal 
thyioidectomy bled in the same mannei These both had noimal piothiombin 
times and finally escaped bleeding to death aftei seveial tiansfusions 

Obstiuction of the stoma, although annoying, should raiely piove fatal 
In depleted patients 01 those whose anatomic vaiiations make eaily func- 
tion of the stoma unlikely, a concomitant jejunostomy foi feeding is a wise 
piecaution (Clute^^) Stomal obstiuction should not be allowed to pi ogress 
longer than one week on conseivative management Jejunostomy for feed- 
ing, undei taken m a logical mannei befoie it is too late, will mvaiiably allow 
the stoma to light itself, piovided the fiist opeiation has been piopeily pei- 
formed 


Table V 


duodenal ulcers 


Massachiisclts General Hospi'al 


RI SULTS ACCORDINC TO TTPE Or OPERATION (1931-1938) 


Excellent 


ResecUons 

Subtotal 6 

Partial 29 

Pylorectomy 5 

Fmsterer exclusion (through antrum) 4 

Finsterer exclusion (plus removal of an- 
tral mucosa) i 

Billroth-I I 

Gastroduodenostomy 2 

Pyloroplasty i 


Good Poor Operative Deaths Lost 


I I 

5 2 7 

23 2 

5 I 


1 
9 

2 


1 

2 

3 


I 

I 


1 

2 
5 


Totals 49 8 16 13 20 

The lesults on a small gioup of cases, followed fiom three to nine years, 
are classified in Table V An excellent result signifies that the patient has re- 
mained symptom-free since operation, and able to do his regular work 
Thirty-five of 43 patients (81 pei cent) who had paitial 01 subtotal resections 
are classified in this group Although all of these patients are cautioned 
about the use of highly seasoned foods, alcohol, and tobacco, many of them 
giadually discard all precaution in this legard 

Good results signify a situation that, although not perfect, allows a patient 
to cany on his usual occupation but with some occasional discomfort, such 
as nausea after eating 01 epigastric distiess and sour eructations One pa- 
tient has an annoying gastrocolic reflex, without evidence of jejunal ulcer 
01 gastrojejunocolic fistula Anothei patient had a single episode of massive 
bleeding five years after the distal half of his stomach and pylorus was re- 
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sected, with a posterior Polya anastomosis The oiigin of the hemoiihage 
was pi oven by gastroscopy to be due to gastritis This cleared up on con- 
servative measures Doubtless, this patient had become too confident legard- 
ing the operative cuie and had abused his gastiic mucosa unwisely 

The pool results lepresent nine pi oven and two suspected jejunal ulceis 
One patient continued to have pei iodic hemoiihage and another had persistent 
pain Three of the jejunal ulcers following the Fmsteier exclusion operation 
have since been reopeiated upon and leheved The high incidence of stomal 
ulcei aftei the exclusion opeiation, without excision of antral mucous mem- 
brane. has also been emphasized by Fiomme^® and Haberer One failuie 
following pyloioplasty and one following gasti oduodenostomy, with subse- 
quent massive hemorihages, should be leoperated upon One patient Avho 
developed anastomotic ulcei eight months following a Billroth-I operation 
Avas subjected to subtotal gastrectom}? Avith relief Tavo jejunal ulcers fol- 
loAved pylorectomy Avith Billroth-II anastomosis — one after i8 months and 
the other after tAvo years , both should be reopei ated upon 

Only one jejunal ulcer has so far developed folloAving partial resection 
and that came three years after the fiist operation This man had about a 
quartei of his stomach lemoved It is oui belief that he has antial hoimone 
cells lemainmg m his proximal segment, and this is some aigument in favor 
of removing at least the distal half of the stomach 

The other poor result folloAAed a paitial lesection of the Polya type 
The patient was entirely relieved for foui years, but since then has had sev- 
eral massive hemoirhages He has lecently entered another hospital for 
further treatment 


Table VI 

DUODENAL ULCERS 
Massachusetts General Hospital 
RESULTS (1938-1941) 

Subtotal resections 76 

Deaths S 

Present Status 
Poor in one case (postopera- 
tive common duct stneture) 

Excellent in all others 
Sir to 13 months are required 
to regain appetite and 
■weight 

During the 34 months not included in the follow-up table, Ave have had 
76 subtotal gastrectomies for duodenal ulcer Avith five deaths None of the 
survivors has been invalided since, saA’^e the man Avhose common duct Avas 
sectioned and reanastomosed to the duodenum He had signs of cholangitis, 
and may continue to have disability from this complication although a chole- 
cystojej unostomy has been perfoimed lecently It is interesting to note that 
some patients are able to return to v^oik in thiee months, although it takes 
from SIX to 12 months foi these individuals to get so they can get along 
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on thiee full meals a day and gam weight There is also a lag-period as 
legards appetite This, we believe, is due to the interference with the nerve 
supply to the remaining pioximal segment It is amazing, however, to see 
these people eat a large meal and enjoy it without distiess after they have 
become adjusted to then new aiiangement So frequently these individuals 
nant to know why suigeiy has been withheld fiom them so long Little 
do they realize what a stoimy convalescence some of the survivois have had 

SUMMARY AND CONCLUSIONS 

(1) Cases of duodenal ulcer now requiring suigical treatment represent 
about 20 per cent ot all patients with this lesion coming to a laige urban 
hospital 

(2) Acute perforation accounts for about one-fourth of these operative 
cases 

(3) Cicatricial obstruction fiom duodenal ulcer, usually of long standing, 
IS the indication for opeiation in one-third of the remaining cases 

(4) Inti actabihty and massive hemorrhage make suigeiy necessary in the 
lemaimng cases and these represent less than lo pei cent of all duodenal ulcer 
patients 

(5) In this last group, palliative operations such as gasti o-enterostomy , 
pyloroplasty, gastroduodenostomy, local excision (even with the pylorus), 
transection for exclusion, and gastric resection foi exclusion, without lemoval 
of the antral mucosa, are all attended with a high percentage of persistent 
symptoms and anastomotic jejunal tilcei 

(6) The moitality following subtotal gastrectomy for duodenal ulcei m 
the Massachusetts General Hospital was not greatei than that following less 
extensive operations 

(7) In those cases operated upon fiom three to nine yeais piior to this 
lepoit, the results of true paitial gastrectomy were excellent or good in all 
but two cases 

(8) Two-thirds of 67 jejunal ulcers tollowing palliative proceduies foi 
duodenal ulcei occuired within two years of the original operation in oui 
dime 

(9) In 71 survivors of 76 subtotal resections pei formed duiing the past 34 
months, no jejunal ulcer has thus far developed This, we believe, is the 
procedure of choice Ceitainly, not less than half the stomach together with 
the pyloius should be lemoved when feasible 

(10) In complicated, extensive ulceration, one is justified m resection foi 
exclusion provided the antral mucosa is removed at the original pioceduie, 
01 that the whole remaining distal segment is lemoved as a second stage six 
to eight weeks latei 

(11) Oui poorest lesults were m those cases with resection for exclusion 
without lemoval of the antial mucosa — five jejunal ulcers m nine opeiative 
sill vn 01 s 
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Discussion — Dr Frederic W Bancroft (New Yoik, NY) I 
should like to repot t a case that is lather histone This patient had a lesser 
curvature ulcer and was operated upon by me in 1930 A high subtotal 
gastrectomy was pei formed Dr Lewis Gregory Cole took sections from this 
ulcer, half fiom one side and half from the othei, and sent the sections to a 
number of pathologists without giving any identification 01 history On 
one side, all pathologists were agieed that it was benign, whereas on the 
othei side, 75 per cent diagnosed some type of carcinoma This patient pre- 
sented himself to my office lecently, aftei having had thiee seveie gastiic 
hemorrhages Roentgenogiams do not show definitely any ulcei, and gas- 
troscopy was negative In going into this patient’s history I har^e learned that 
he has been on a very low vitamin diet, and it is possible that his hemor- 
rhages at the present tune are not due to a jejunal ulcer or to lecuirence 
of the carcinoma 

I should like to say a word about the modified Devine opeiation Re- 
cently, in order to remove more of the pyloric antrum, I have mapped out an 
area in the piepyloric zone which would be sufficient, aftei denuding the 
mucous membrane, to allow a tuple inveision The stomach is transected 
at this portion, then further stomach is removed towaid the caidia in older 
to give sufficient excision of the stomach I think this pioceduie has certain 
advantages There is usually no difficulty in a duodenal ulcer m lemovmg 
this portion of the stomach I had one patient that suffeied from a hemor- 
rhage wheie I had left too large a cuff at the prepyloiic legion Also, one 
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must wain against too far exploration if this pioceduie is decided upon, 
because in the only suie death I have had I exploied the duodenum lather 
thoroughly befoie attempting the opeiation The patient died five days later 
of peiitonitis, and at autopsy it was found that he had peifoiation of the 
duodenal ulcei I think I caused this peifoiation by too much exploiation 

Dr R L Sanders (Memphis, Tenn ) Doctoi Allen and Doctor Wal- 
ters have given us two inteiestmg and worth while papers My remaiks 
will be devoted to Di Allen’s paper, emphasizing two points Fust, a defi- 
nite swing fiom gastio-entei ostomy to partial lesection m the tieatment of 
duodenal ulcei , and second, the necessity for removal of the pylorus and 
the ulcer 

Recently we reviewed a senes of no suigical cases of duodenal ulcer 
coveiing the years 1925 to 1934, inclusive It was found that gastro-enter- 
ostomy was peifoimed in 102 of these, and resection in only eight In a 
bimilar study of cases coveiing the period of 1935 to 1940, there were 29 
resections as compared to 31 gastio-entei ostomies, 01 practically an equal 
use of both pioceduies in the treatment of duodenal ulcer Our results have 
justified this change m the type of operation 

Regal ding the necessity foi lemoval of the pyloius, 111 a follow-up of the 
above mentioned 29 patients who had had resections, two weie found to have 
a poor result, m neithei case had the pylorus been resected 

One of the cases of the ear her group was so unusual and so well illustrates 
this point that I shall repoit it briefly The patient had had a gastro-en- 
tei ostomy in 1918 foi a nonobsti ucting duodenal ulcer associated with high 
acids He developed a gastiojejunal ulcer and came to us for tieatment 
We performed a partial gastrectomy but did not remove the pylorus because 
of technical difficulties Latei, another gastiojejunal ulcer developed and 
perforated, and a second resection was earned out, the ulcer being lemoved 
with a little moie of the stomach and the anastomosis reset Still later, the 
cycle rvas repeated and resection was performed the thud time Again, an 
ulcei formed and peifoiated By this time, which w^as in 1931, the patient 
ivas tired of being operated upon for ulcei s, foi which I could not blame him 
He went elsewhere and had both adrenals deneivated His pain continued, 
however, and he became a nioiphme addict He died twm years ago, still un- 
relieved of his suffering Had we removed the pylorus at the fiist resection 
the whole course probably would have been diffeient It is now our practice 
and teaching to remove, when possible, the pylorus as well as the ulcei in 
all stomach resections 

Dr Robert L Payne (Noifolk, Va ) I wish to ask a question which 
I think IS of interest to every man here who does not do as many gastric 
resections as the essayists The problem wdriclr concerns me is the satisfac- 
tory closuie of the duodenal stump Doctor Walteis stated that the risks 
involved in resection for carcinoma w^ere less than in resection for ulcer of the 
duodenum because of the ease of closing satisfactorily the duodenal end of 
the resection I am impressed wnth the fact that the danger of leakage, wuth 
peiitonitis, 01 the development of a duodenal fistula centers around the proper 
and satisfactory closure of the duodenal stump Doctor Allen reported one 
case of duodenal fistula wnth death, and stated that he had devised a means 
to circumvent this rn the future I would like him to explain that statement 
— ^rvhether he divides the duodenum above the ulcer in healthy structures, does 
a Finsteiei exclusion, or exactly what method he has devised to overcome 
the danger of leakage from the duodenal stump 
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Dr Arthur W Allen (Boston, Mass , closing) Doctoi Bancroft 
cited the case of a jejunal ulcei coming )'eais after subtotal gastrectomy for 
gastnc “ulcei -cancel ” This is so unusual that I wonder if, by any chance, 
a small segment of antium lemained We have a patient with anastomotic 
ulcer following subtotal i esection foi acute massive bleeding from gastric ulcei 
and, on reviewing this case, we find that w'e had left a small remnant of the 
antrum Jejunal ulcei s aie veiy i?ue following any operation for gastric 
ulcer 

Dr Sanders’ case lepoit is duplicated in oui paper, except that in our 
case the patient came back and w^e resected the pyloius and the second jejunal 
ulcei on the thud opeiation, and he has lemained well since One man had 
had three lesections elsewdieie hefoie he came to us He had a jejunal ulcer 
that had developed very quickly aftei the thud operation, and I suggested 
that we do nothing except lemove the pyloiic segment, wdiich w^e surmised 
had been left at his oiiginal resection He w^as leheved immediately follow- 
ing its lemoval The stomal ulcei healed wnthout reopeiating upon the 
stoma, much to oui suipiise and has lemained healed for 15 months 

Doctoi Payne’s question imolves a lot of time for discussion and can be 
answered only in a general way One must deteimine the location, extent 
of inflammatory reaction, and the neighboring structuies involved befoie 
deciding the type of opeiation to undertake The ideal situation is one that 
allows resection beyond the ulcer, leaving at least three-quarters-mch of 
normal duodenum to invert Twm rows of caiefully placed catgut sutures, 
both introduced so that peritoneal surfaces are held in contact, and so that 
all the mucosal edge is turned in, will ensuie healing with no fear of blowing 
out The reaction caused by the catgut in these healing seious sui faces may 
enhance adheience and seal the surfaces moie securely Silk or cotton, 
w^th their greater tendency to cut through delicate structuies and their lack 
of reaction, may make them less useful for this puipose than one would expect 
I have very rarely found sufficient noimal duodenum to work wuth to use 
the ingenious mstiuments devised foi inveiting the duodenal stump 

Doctor Bancroft has brought out the danger of late peifoiation if one 
undertakes too much dissection in the legion of the ulcei, and then finds that 
he must limit the operation to 1 esection for exclusion We have made the 
same erroi m one case with fatal peiforation thiee days aftei opeiation On 
occasion, one can see by the extent of the inflammatory reaction that an 
attempt to resect bej'^ond this w^ould, at least, be tedious and possibly dan- 
gerous One can, however, free the lateral bolder of the duodenum as first 
desciibed by Doctoi Finney in his pyloioplasty operation, and determine the 
entrance of the common duct into the duodenum This is harmless and often 
settles the question regarding the piopei pioceduie in that paiticulai case 

If, in order to be sure of a comfoi table closuie of the distal segment, one 
must lesort to resection foi exclusion, then two choices aie available One 
may denude the remaining antium of its mucosa and hope to cure the 
patient at one operation Due to the thinness and fi lability of the remaining 
peiitoneal and muscular coats of this segment, I have sometimes been un- 
happy about the t3'^pe of closure that could be obtained Some of our cases 
have had their convalescence lengthened on this account The lemaining 
choice IS a deliberately planned second stage, six to eight w'^eeks later, for 
the removal of the antral segment McKittrick thinks w^ell of this two-stage 
operation at the moment, and may be able to demonstrate that this is not 
only the safest proceduie in complicated cases but that the actual time in- 
volved may not be too mucb increased 
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Dr Waltman Walters (Rochestei, Minn, closing) I just want to 
clai ify a point mentioned by Doctoi Payne, namely, that the risk of resection of 
the stomach, or paitial resection foi caicinoma, is greater than for benign 
gastric iilcei oi duodenal ulcei The iisk for lesection of the stomach in 
cases of chionic gastiic ulcer is less than m cases of duodenal ulcei The 
reason for this is the difficulty of closing the duodenal stump and, because 
of foi eshoi tenmg of the duodenum by the ulceration, the possibility of leakage 
of the duodenal contents 

The results of resection of the stomach for gastric ulcei aie well-nigh 
pel feet I have never seen a case of recuiring ulcer in which a subtotal 
gastiectomy has been performed foi benign gastric ulcer On the othei hand, 
although I have an optimistic view of the lesults of the suigical tieatment of 
duodenal ulcer following partial gastrectomy, yet I want to call attention to 
the fact that lecuiiing ulcei ation does take place In a gioup of cases of 
gastric lesection studied by Lewis and me, it was found that lecuirmg ulcera- 
tion took place in 2 per cent of cases In a very interesting monogiaph by 
Stai linger, he summarized the results of resection of the stomach and duode- 
num in 25,000 cases of duodenal ulcer and gastiic ulcer opeiated upon in 
cential Euiopean clinics In that series the recuirences were 2 to 2 5 per 
cent In othei woids, resection of the stomach for duodenal ulcer is not the 
complete answer to the pievention of lecurnng ulcer Howevei, the results 
so fai suggest that one must take into account that the recurrence rate is vei)- 
small, with a reasonably low mortality rate, and the results are usually ex- 
cellent 
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This paper is based upon a caieful study of the cases of pnmaiy sarcoma 
of the small intestine as reported in the past ten years, and an analysis of four 
cases which we wish to add to the liteiature A thoiough study of all pub- 
lications, fiom 1932 to August, 1941, was made m oidei to learn how many 
cases of saicoma of the small intestine had been lecoided Theie aie 114 
cases reported Two of these, each published m two difterent journals, both 
foieign, aie counted only once The details of 102 cases aie reported, and 
12 others aie mentioned, six by Medingei, three by Boyce and McFetridge, 
two by Sanchez, and one by O’Herne Sufficient data aie not presented in 
the papei s of these authoi s foi us to include them in any detailed study 

Ciowther, in 1913, collected 191 cases of sarcoma of the intestine of which 
1 17 weie in the small bowel Giaves, in 1919 leviewed the literature and 
recoided 249 cases including thiee of his own Ullman and Ahehouse, in 1932, 
collected an additional 125 cases of intestinal saicoma and added one It was 
mteiesting to note that m repoits by thiee different authors it was stated, 
“this IS the 276 th case ’’ We wish to call attention to the fact that the contribu- 
tions of Graves and also that of Ullman and Ahehouse aie concerned not with 
sarcoma of the small intestine hut of the entire intestinal tract Ullman and 
Ahehouse state that of then collected cases only 77 were in the small intestine, 
and they added one case of lymphosaicoma of the ileum It has been impos- 
sible for us to review all of the hteiatuie previous to 1932 in oider to present 
the exact numbei of cases of saicoma of the small intestine on lecord We 
probably have ovei looked some cases repoited since that date but, if so, it is 
due to the fact that the title of the paper was misleading 

It has been the ohseivation of many investigators, including Corner and 
Fairbanks, that the incidence of the ratio of saicoma of the small to saicoma 
of the large intestine is 2 i If we should start to figuie fiom the lepoit of 
Graves we would conclude that of his 249 cases only 166 veie in the small 
bowel Ullman and Ahehouse add 77 cases, making a total of 243 cases on 
record up to 1932 We have investigated all reports since that date and have 

* Read before the Southern Surgical Association, Pinehurst, N C, December 9-1 1, 
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collected 114 cases and are adding four more, making the probable total cases 
of sarcoma of small intestine on lecord 361 

Sarcoma of the small intestine is lare Perry and Shaw, quoted by Bull, 
investigated the autopsy lecords of Guy’s Hospital from 1826 to 1893, and 
found only six cases of saicoma of the small intestine in iy, 6 S 2 necropsies 
Libman states that there were no cases observed in the Berlin Pathological 
Institute from 1859 to 1875, and Nothnagel reported only nine in 21,358 
autopsies in the Geneial Hospital of Vienna from 1882 to 1893 In the 
Plague Pathological Institute, from 1883 to 1898, Smoler found 13 cases in 
13,036 postmortem recoids In the New England Deaconess and Palmer 
Memorial Hospitals, fiom 1927 to 1939, Medinger was able to find ten malig- 
nant tumors of the small intestine at autopsy, and in the surgical material 
studied there weie 12 instances In other words, in 42,456 examinations he 
found 22 cases of malignancy of the small intestine and of these only six were 
sarcomata Chont in a review of 2,252 necropsies and 20,603 surgical speci- 
mens fiom the Univeisity of Oklahoma Hospital found only eight tumors of 
the small intestine including four sarcomata 

Sarcoma of the small intestine occurs more frequently in males Chont 
places the ratio of males to females as 3 2 In the cases we reviewed there 
were 75 males and 27 females, a ratio of practically 3 i This is in accord with 
the findings of Speese and Graves (Table I) 

Table I 

SARCOMA or THE SMALL INTESTINE 
I 0 J 2 -IP 4 I 

Cases available for study loa 

Males 75 

Females 27 

Ratio Males to Females 3 i 

The disease is moie common in the middle-aged Relatively few cases were 
observed in individuals undei age 30 Our findings agiee with those of 
Camel on who stales that infants and childien comprise 10 per cent of the 
cases of sarcoma of the small bowel From our studies it is evident that 50 
pel cent of the cases of small intestinal sarcoma occur between the ages of 
30 and 60 The aveiage age of males was 41 -f- and of females 43-!-- years 
(Table II) 

Table II 

SARCOMA or THE SMALL INTESTINE AGE INCIDENCE 


10-20 I 

20-30 p 
30-40 ip 
4O-SO 16 
SO-60 26 
60-70 X3 
70+ s 


1 vcroRe 4 ge Males 414- Females 43 + 

Trauma is thought to be a causative agent of small intestinal sarcoma 
Boyce and McFetiidge mention this as an etiologic factor Ullman and Abe- 
house aie also of the opinion that trauma plays an important role m the pro- 
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duction of the disease and state that it occiiis moie fiequently in the working 
class Zwalenburg records a case occurring in a child six weeks aftei injury 
Peterson writes of three patients who developed intestinal sarcomata six to 
ten weeks after abdominal contusion, and Vercellotti agrees that trauma is a 
most important factor in the production of sarcoma of these structures We 
could obtain no history of abdominal injury in our cases although three of 
them occurred m individuals of the working class 

Symptoms — The onset of symptoms may be sudden, due to perforation, 
severe hemorrhage, or acute intestinal obstruction Usually, however, the dis- 
ease IS insidious in onset and is characterized by griping pains m the abdomen 
and occasional attacks of nausea and vomiting, loss of weight and strength, 
and anemia Frequently there is change of bowel habit, with attacks of diar- 
rhea If the disease is widely disseminated there may be some elevation of 
temperature 

The symptomatology varies depending upon the site of the lesion When 
the duodenum is involved vomiting and jaundice may be early symptoms, 
simulating gallbladder disease When the tumor is located in the lower 
jejunum or ileum the first symptom may be the appearance of a mass in the 
abdomen, for instance, Case 3 of our series was referred with a diagnosis of 
appendiceal abscess He had abdominal pain, vomiting, some fever, and a 
mass in the lower right abdomen 

Not infrequently acute intestinal obstruction causes the patient to consult 
a physician Obstruction is rarely due to the growth itself although the tumor 
may be the cause of intussusception The obstruction frequently is due to 
kinking and, consequently, the formation of adhesions between adjacent loops 
of small bowel Also, when the tumor glows it extends along the submucosa 
infiltrating it and the other layers of the bowel, and as a result we get the 
formation of a rigid tube of varying length in which no peristalsis occurs and 
obstruction supervenes Other causes of intestinal obstruction due to sar- 
comata are compression of, or, encroachment on, the lumen, and frequently 
the presence of small or large annular masses Cameron states that the an- 
nular constricting type of sarcoma of the small intestine is much more fre- 
quent than that type characterized by an aneurysmal dilatation of the intestine 
Chemical examination of the stool usually reveals the presence of blood 
Occasionally, the first evidence of the disease is a massive hemorrhage, such 
as occurred in our Case 2, and m the case reported by Mahaffey 

Perforation is rare Chont was able to collect from the literature only 
seven cases of intestinal perforation due to sarcoma Case i of our series was 
operated upon for an acute intestinal perforation In addition to those 
enumerated by Chont (Hulbert, Pissarewa, Premoh, Whitaker and Fischer, 
Oettle, Davis, and Lewis) , we also found reports by Leveuf and Godard, and 
by Goldsmith, m which perforation was followed by a localized abscess Other 
perforations are reported by Frankman and Drummond, Monad and Arnal, 
Mumey, and Basabe 

The diagnosis of small intestinal sarcoma is made on the history of abdomi- 
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nsl pain, blood in tlic stools, some loss of weight, and the piesence of an ab- 
dominal tumor The location of the tumor varies It may be palpable one 
day and not the next This is because the weight of a growth m the jejunum 
or ileum would naturally predispose to its location within the pelvis and it 
would be evident only when distention of other intestinal loops force it out 
of the pelvis In one of our patients the tumor was palpable on one occasion 
and at a later examination could not be felt at all 

Most of the cases of small intestinal sarcoma are not diagnosed previous 
to operation The earlier writers decried the value of roentgenologic studies 
in these cases, however, within recent years roentgenologic examination of 
the small intestine has become valuable Medinger states that such studies 
are of value in 50 pei cent of cases, and Camei on emphasizes the importance 
of such studies It has only been within the past few years that roentgenolo- 
gists and clinicians have realized that much information can be gained by 
roentgenologic study of the small bowel Cohn, Tandy and Richter urge that 
this be done m all cases presenting intestinal symptoms 

Roentgenologic Diagnosis of New Giowths of the Small Intestine — The 
roentgenologic diagnosis of new growths of the small bowel may be divided 
into two groups (i) Those causing a high degiee of obstruction at the site 
of involvement, and (2) those in which obstruction is not a factor of im- 
portance 

The site of those lesions which cause a high degree of obstruction may be 
demonstrated at times by so-called prehminaiy or plain films of the abdomen 
made with the patient hoiizontal and upright In such cases distended loops 
of the small bowel may be seen and the approximate site of obstruction indi- 
cated by their appearance and by the point at which the column of gas ends 
The mucosal folds of various paits of the small bowel differ quite markedly 
m appearance, and this characteristic is of aid in localizing the growth Ob- 
structive lesions may demand furthei investigation Some have been demon- 
strated by giving a small amount of barium by mouth, then tracing the column 
doiMiward to the point of obstruction This method is now seldom used and 
can be dangeious The safest procedure is to pass a Miller- Abbott tube into 
the small intestine and to trace its progress downward, decompressing the 
bowel en loute, until the progress is arrested The lesion itself then can fie- 
queiitly be outlined by injecting opaque material through the tube 

In nonobstructing new growths the only satisfactory method of demon- 
stration IS the so-called “small bowel study ” In this method from 90 to 180 
cc of an aqueous suspension of barium sulphate is gnen by mouth and the 
progiess of this material through the small intestine is observed at frequent 
intervals, the intei val between observations varying with the condition found 
111 each case 

When a new giowth in the duodenum is a consideration, serial films of the 
entile duodenal area aie essential, inasmuch as early lesions may manifest 
themselves only by distortion or obliteration of the mucosal folds m the affected 
aieas In the jejunum and ileum, in addition to the conventional films, those 
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made with localized pressure over portions of the bowel that seem to be ab- 
normal may be of great benefit in arriving at a definite diagnosis 

Nonobstructing new growths of the small intestine manifest themselves by 
deformity of the lumen, obliteration of the mucosal folds, or b}'^ evidence of 
mild interference with the progress of the column where an appreciable degree 
of obstruction is not present 

Pathologic Types of Lesions — In 102 cases that we studied the patho- 
logic type of the growth was stated There were 66 lymphosarcomata, and 
three reticulum cell sarcomata These are both of lymphoid origin, hence it 
may be said that more than 50 per cent of cases of small intestinal sarcomata 
are of the lymphoid type Twenty-three cases were thought to originate in the 
musculature and are listed as 22 leiomyosarcoma and one myosarcoma Ten 
cases are listed as follows Fibrosarcoma six, neuiofibrosarcoma three (two 
of which were reported by the authois) and one spindle cell sarcoma It is 
exceedingl}'^ difficult to say with any certainty wdiether a grow'th is a leiomyo- 
sarcoma or a neurofibrosarcoma The ver}' best pathologists disagree as to 
the exact classification of these tumors but all agree that they aie sarcomata, 
m other words many reported as leiomyosarcoma may be fibro- or spindle 
cell sarcoma (Table III) 

Table III 

SARCOMA OF THE SMALL INTESTINE 

Lympho- 

Reticulum cell 

Leiomyo 

Myo- 

Fibro- 
Neurofibro 
Spindle cell 

Total 

Location of the Lesion — In the senes undei discussion the lesion appeared 
in the duodenum 21 times, m the jejunum 26, and in the ileum 41 times In 
one case the exact location of the lesion w^as not stated There were tw^o 
instances in which Meckel’s diverticulum was the site of the pi unary grow'th 
Sarcoma, in contradistinction to caicinoma, not mfiequently appears as multi- 
ple lesions and may even occur in all parts of the intestine (Table IV) 

Table IV 

SARCOMA OF THE SMALL INTESTINE LOCATION 

Duodenum 
Jejunum 
Ileum 
Not stated 
Jejunum and ileum 
Meckel s diverticulum 
Duodenum and jejunum 
Small intestine 
Puodenum and ileum 


21 

26 

41 

1 

2 
2 
4 
4 

I 


HISTOLOGIC TVPES 
66 ' 


3 

22 


69 


23 
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Lymphosarcoma of the Small Intestme —Since the ileum contains numer- 
ous lymph follicles one would naturally conclude that this part of the small 
bowel would be a common site for malignant lymphoid tumors An investi- 
gation of the 69 lymphosarcomata recorded during the past ten years reveals 
the fact that 32 of them occurred m the ileum, and wheie the lesions were 
multiple, ten more occurred m the ileum and other parts of the small bowel 
The duodenum was the site of lymphosarcoma in ii instances and the jejunum 
in 16 (Table V) 

Table V 

LYMPHOSARCOMA OF THE SMALL INTESTINE LOCATION 


Duodenum 

Jejunum 

Ileum 32 

Multiple areas including ileum lo 


In the literature there has been considerable discussion as to the rarity of 
leiomyosarcoma and its location In the cases reviewed 23 were myogenous 
in oiigin and occuned equally in the three subdivisions of the small bowel 
Seven occurred in the duodenum, seven in the jejunum, and seven in the 
ileum In one case there were multiple lesions in the jejunum and ileum, and 
one case oiiginated m Meckel’s diverticulum (Table VI) 

Table VI 

M\0- AND LEIOMYOSARCOMA OF THE SMALL INTESTINE LOCATION 


Duodenum 7 

Jejunum 7 

Ileum 7 

Jejunum and ileum i 

Meckel s diverticulum i 


The libiosarcomata, including the neurohbro- and spindle-cell sarcoma, 
occuned piactically as frequently in one part of the small intestine as in an- 
othei Three oiiginated in the duodenum, two in the jejunum, and four in 
the ileum, and m one case multiple lesions occurred in the jejunum and ileum 
(Table VII) 

Fiom these statistics one must conclude that, other than lymphosarcoma, 
all othei types occur as frequently in one part of the small intestine as another 
The high incidence of lymphosarcoma m the ileum is easy of explanation 

Table VII 

FIBROSARCOMA INCLUDING NEUROFIBRO* AND SPINDLE CELL OF 
THE SMALL INTESTINE LOCATION 

Duodenum 2 

Jejunum 2 

Ileum ^ 

Jejunum and ileum j 

Pathology —The sarcomata ^^hlch are possible in the small bowel accord- 
ing to histogenesis are Lympho- , neurofibro- , leiomyo- , reticulum , fibro- , 
endothelial , hpo- , and neurosarcomata The last two named, one derived from 
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fat tissue, the othei fiom neive ganglia in the bowel wall, seem not to have 
occurred, or to have been leported, so theie is no basis foi desciiption 

Lymphosa) coma — The bowel may be involved in a very widespread sai- 
comatosis of the lymphoid type, but in this condition the primary focus is 
usually elsewhere and the bowel lesions are commonly symptomless Lympho- 
sarcoma may occur primal ily in the lymphoid tissue of the small bowel, and, 
if so. It IS inclined to lemain localized to this pait of the bowel only, or to 
the bowel and adjacent nodes , in contrast to the very widespread lesions that 
characterize this tumor when originating elsewhere 

The mass is soft and friable, resembling lymphoid tissue, but of a lighter 
gray color Friability is lost if there is much stroma or if the tumor infiltrates 
the muscle The bulk of the tumor tissue is m the mucosa and submucosa, 
sometimes encroaching on the lumen by a complete tube-like layer inside the 
muscularis, but infiltrating it Usually tumor is noted in the serosa either in 
small nodules or a large mass Obstruction is common and is produced by 
destruction of the bowel wall and kinking, or by tumor mass protruding into 
the lumen Ulceration is frequent and perforation by necrosis of tumor may 
occur The growth is not sharply limited as a rule because of infiltration or, 
perhaps, because of gradual neoplastic development m the lymphoid tissue at 
the penpheiy of the primary focus 

The parenchymal cell is the lymphocyte and usually differentiation is suf- 
ficient to make diagnosis definite The cells may be only slightly larger than 
normal or markedly larger, in which case the term “large cell” sarcoma has 
been used Nuclei are round, moderately hypei chromatic, and mitotic figures 
are common Cytoplasm is not abundant, but if the cells are large it is mod- 
erate 111 amount and stains faintly At the periphery of the tumor the stroma 
consists only of invaded tissue If this has been destroyed the stroma consists 
of a large amount of new connective tissue and in areas is not visible at all 
m ordinary stains Vasculai supply is very meagei and the few vessels con- 
sist of an endothelial lining without much suppoi t Hemorrhage is, therefore, 
common, but not massive 

Since the growth is somewhat less malignant than lymphosarcoma else- 
where and tends to remain localized in the bowel, obstruction occurs and re- 
section IS warranted and may be successful 

The accepted cell oiigin of this neoplasm is the lymphocyte of the lymph 
follicle, however, it has been stated that origin may be independent of them 
The explanation is that lymphosarcoma may develop fiom infiltrating lympho- 
cytes in tissues othei than lymph follicles This has been observed in the 
prostate where there is no lymphoid tissue normally 

Rehcubim Cell Sajcoma — This tumor may be classified as a type of 
lymphosarcoma, although others designate it as a type of fibrous connective 
tissue growth Whatever its true nature may be, the diagnosis is one that 
can be made only with the microscope Its peculiarity consists of a varying 
amount of delicate reticulum which is made visible by silver staining The 
parenchymal cells resemble lymphocytes but the stroma is more abundant than 
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in the lymphosarcoma, however, it is not dense The gross appearance is 
identical to that of lymphosarcoma except that it may be less bulky, slightly 
moie firm, and more localized 

Letomyosai coma Smooth muscle tumors may be single, but are prone 
to multiplicity The malignant ones are very seldom pedunculated, but do 
have consideiable mass which may protrude into the lumen of the bowel or 
bulge on the exterior Some descriptions indicate that there is little mass, but 
much destruction and replacement The consistency is distinctly softer than 
that of benign tumors of the same type, though it is often described as firm 
Obstiuction IS produced by extension into the lumen since there is usually dis- 
placement because the rapidity of growth exceeds the destruction of noimal 
tissue and necrosis of the tumor Obstruction by angulation and kinking is 
recorded, but is less characteristic of muscle tumors Ulceration and moderate 
hemorrhage are common 

The cells are arranged m bundles extending m different directions, and 
supported by a small amount of connective stroma, in which vessels are in 
model ate numbers Nuclei are elongated and rounded with a stippled chro- 
matin pattern Mitoses are much in evidence and multinucleated giant cells 
result from incomplete division The cytoplasm is an elongated fibrillar struc- 
ture resembling muscle cells, or may be polyhedral, but not stellate shaped 
ISIalignancy is not high grade as a rule so that resection is successful The 
very malignant saicoma of this type is rare 

Fibf osai coma — This tumor has a wnde variation in malignancy, but purely 
benign tumors of this type are quite rare Their behavior, then, is quite vari- 
able The less malignant specimens ai e encapsulated, light colored, and hard 
They displace tissue, infiltrate slightly, and grow slowly The location is 
exterior to the muscle, and they are attached by a broad base 

The type cell is elongated, having several processes Nuclei are oval, 
stippled, and mitoses few'- Intercellular fibrillar substance taking the specific 
stain foi collagen is a constant featuie Often this substance is abundant and 
dense 

The more malignant specimens are soft, light-colored tumors, often hemor- 
rhagic and ahvays mfiltiatmg They occur chiefly exterior or intenor to the 
muscularis, seldom from the fascia of the muscle The cells are not arranged 
in any definite fashion, although occasionally bundles are noted Nuclei are 
round or oval wnth dense chiomatin materia! Mitotic figures are numeious 
Cytoplasm is elongated into short processes and there is fibrillar structure 
which IS coarse and stains like collagen Blood vessels are few% very imper- 
fectly foimed so that hemonhage into the tumor is marked, but massive hemor- 
ihages into the bow el are not likely unless the tumoi is traumatized Necrosis 
of the central poition occurs, often leaving a peripheral zone of living tumor 
tissue I\!alignancy is high grade and metastases are early 

Ncurofibi osai coma — This tumor has been mentioned m the literature for 
ovei foul generations and intestinal lesions of this type were pointed out by 
^on Recklinghausen Alost commonh iheic are multiple tumoi s m the bodv 
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but they may be multiple m the small intestine only, or solitary in this organ 
The gross characteristics are variable Certain examples are encapsulated, 
gray-colored, friable tissue that is very vascular and contains large lakes of 
blood and blood extravasations The common origin is from the nerve trunks 
in the muscle coat They may protrude as pedunculated tumors into the 
peritoneal cavity and interfere little or none with the passage of bowel content 
Those of higher grade malignancy invade and destroy the bowel wall, then 
protrude into the lumen, causing obstruction, or form a band-like section sev- 
eral centimeters m length The mass may be as large as 25 cm m diameter 
and become adherent to neighboring structuies Necrosis with hemorrhage in 
the center is frequent, often leaving only a shell of living tissue at the periphery 
If the bowel wall is in\aded this necrotic tissue may be discharged into the 
lumen and thus ulceration is started 

The parenchymal cell is large, often stellate-shaped, having blunt processes 
Nuclei are elongated and have stippled chromatin patterns Mitoses are occa- 
sional The stroma is a small amount of new connective tissue in which there 
are many large blood vessels and cavernous spaces often lined only by endo- 
thelium The cells are arranged into imperfect whorls and interlacing bundles 
Palisading is the rule, but is variable in prominence Metastases may be none, 
or if few confined to the regional lymph nodes Rarely are they extensive if 
the primary tumor is in the small bowel 

In other instances the mass is small, haid and gray-colored, grossly resem- 
bling a scirrhous carcinoma There is obstruction produced by destruction 
of the bowel on one side, infiltration, contraction and kmlang The growth 
IS slow so that dilatation and hypertrophy result above the lesion 

Microscopically, the structure is similar Theie is the usual palisading, the 
oval, stippled nuclei, but cells are elongated chiefly Vessels are few, but thin- 
walled, and hemori hage is less Ulceration and perforation are not usual, but 
may occur m the more malignant tumors 

If tumors are multiple, and they may be very numerous, and if secondary 
masses are retroperitoneal, growth is rapid and the usual cachexia ensues 
unless obstruction intervenes Obstruction may be delayed for a time by 
necrotic tissue sloughing into the lumen, leaving short sections of boAvel wall 
composed of neoplastic tissue only More often than not the tumors are single 
or few, and malignancy is not of high grade, making resection possible 

Endothehal Saicoma — Theie are no criteria by which the lymphangio- 
endothelioma may be distinguished from the hemangio-endothelioma except by 
the content of the vascular structures which may be formed by the tumor cells 
The term angiosarcoma avoids this tissue and may be used to designate vessel 
formation in contrast to the diffuse type of structure consisting of endothelial 
cells, but not forming vessels 

It is obvious from certain illustrations in the literatuie that occasionally 
epithelial tumors, or carcinomata, are designated as endothelial sarcomata 
This error is attributed to the fact that the two types of cells have similar func- 
tion, namely, that of covering surfaces Tumors derived from the surface cells 
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of the peritoneum, oi seiosa, have been desciibed, but the} aie widespread 
growths not limited to the bow el alone and so do not come ivithiii the scope 
of this discussion 

If malignancy is low' giade the tumoi may be discoloied by hemoirhage, oi 
have blue areas fiom blood in large spaces Usually the tumoi is firm and 
light coloied because of the lack of blood The appeal ance is gianulai or 
nodular and distinctly infiltiating In the diffuse type there is no nodulatioii 
and the consistency is soft Obstiuction may occur fiom thickening of the 
bow'el W'all by infiltiatne giow'th 

In the diffuse type the cells are polybedial, have cleai cytoplasm, and aie 
not oiganized into any tissue structuie It is evident that this tumor has 
been designated as a laige, lound cell saicoma or lymphosai coma The vascu- 
lar foims aie composed of fiat cells also wuth cleai cytoplasm, usually having 
hyperchromatic nuclei, and they aie ananged into wdioil, or pearl-like masses, 
by layeimg about a focus oi lumen of a vessel Excision is difficult because, 
grossly, the boundaiy is not leadily visible Delicate processes extend along 
fascial planes for some distance, and aie amputated wdien the mam mass is 
removed, thus making lecuiience fiequent Metastasis of the vasculai types 
IS not common oi widespread The diffuse giow'th is quite malignant 

Hodgkin’s Disease — Since the small bow'd contains lymphoid tissue, it is 
conceivable that Hodgkin’s disease could begin here The liteiatuie contains 
several lepoits w'hich w'lll admit of this inteipietation, but the regional lymph 
nodes w'eie involved also, theiefoie, it is not possible to state w'lth ceitainty 
that the disease did not begin in the lymph nodes and produce secondaiy foci 
in the bow'el Also, theie is the pioblem of stating w'hat is the nature of 
Hodgkin’s disease Evidence of its being a tiue neoplasm oi a chronic in- 
fectious gianuloma is pondeious and inconclusive Recently the argument 
has been avoided by accepting tlie view' expiessed by Ew'ing that Hodgkin’s 
disease of the lymph nodes is piimarily an infectious gianuloma of unknown 
etiology, that it may lemain as such, oi it may become neoplastic and then 
piopeily be called Hodgkin’s saicoma, wdnch he considers to be of endothelial 
01 igm and could be classed with the endotheliomata The cells how'ever, have 
lost then endothelial chai actei s 

The grow'th involves the lymphoid tissue of the bow'd chiefly, but is inva- 
sive into sunounding stiucluies It pioduces obstiuction by mass protrusion 
into the lumen and thickening of the bowel w'all by tumor giow'th The his- 
tologic stiucture is identical w ith the same lesion m the lymph nodes Fibrosis 
is piesent, but to a vaiiable degiee. oi if matked. theie is a dearth of paren- 
chymal cells These consist of a few’ latge and small lymphocytes, an occa- 
sional plasma cell, piohfeiatmg endothelial cells, and occasional multinudeated 
giant cells having vesiculai oi hyperchiomatic nuclei These cells have been 
termed Steinbeig giant cells and Dorothy Reed giant cells Rather abundant 
are laige mononuclear cells of the same t}pe These cells aie chaiactenstic, 
but their exact nature is not agi eed upon They have been i egaided as deriva- 
tnes of endothelial cells, reticulum cells and l\mphoc}tes As the disease 
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progresses lymphocytes tend to disappear and the characteristic cells to become 
relatively more numerous Polynucleai neutrophils and eosinophils may be 
present, but are not essential 

Comment — Neuiofibiosarcoma is generally accepted to be of nerve 
sheath oiigin (sheath of Schwann) and recently has received much attention 
Reports of its appearance m various parts of the body are almost daily occur- 
rences and the list is gi owing laiger chiefly at the expense of the lists of fibro- 
sarcomata and leiom3'osai comata The fibromata of the ovarj'^ and the kidney 
are the only ones that have not succumbed to the modern fashion of the alias 

Reports and illustrations m the hteratui e are not sufficient m detail to per- 
mit of analytical study and leclassification, yet if this were possible the present- 
day lack of unifoiinity of opinion about histogenesis and classification would 
make the labor fiuitless Hence, anj' analytical review of the literature at 
present must be consideied to hai^e an eironeoiis classification of the different 
types of sarcoma and will continue in eiroi until such time when additional 
knowledge is at hand to aid m more correct interpretation of cell stiucture 

At present, the confusion i ests chiefly in the diffei entiation behN een fibro- 
sarcoma, leiomyosarcoma, and neurofibrosai coma Theoietically, histogenesis 
IS deal, but differentiation m neoplastic giowth is not definite enough to per- 
mit accurate interpretation 

Tieatmeiit — There is but one treatment foi intestinal malignancy, be it 
carcinoma oi sarcoma, i egai dless of its location in the small or large bowel — 
that IS radical extiipation This piocedure should include as much of the 
node-bearing area of the mesenteiy as possible From all reports sarcomata 
of the small intestine othei than lymphosarcoma do not metastasize to the 
nodes early, thus, eaily excision can be curative Lymphosai coma, howevei, 
quickly invades the nodes of the mesentei)q and also spreads to the liver, spleen, 
and kidne3^s, but rarely aie the superficial nodes involved In advanced cases 
the serosa of the bowel becomes infiltiated b3^ tumoi tissue and other stiuc- 
tures are invaded b3'^ contiguity Fiequently the bladder or othei pelvic struc- 
tuies become involved Stablei lepoits a case in a female, age y 6 , m which 
part of the jejunum and a large pait of the transveise colon was excised and 
the patient was well a jeai later He states “Opeiative iisk ceases to exist in 
the face of a lethal condition ” 

Radiation Theiapy — We believe that iiiadiation has a place in the tieat- 
ment of sarcomata of the small intestine, especiallj'' of the lymphoid tj'^pe In 
one of our cases theie was wide-spread involvement of the mesenteric Ij^mph 
nodes, all of which could not be excised This patient had a moderate dose of 
postoperative irradiation but died eight weeks latei Two others received 
radiation and are apparently well 

There are seveial cases in the literature where the location of the growth 
prevented its removal and the onlj^ tieatment was roentgenotherapy Fair 
success was obtained C W Maj’^o mentions a case in which the stomach was 
involved and treatment with radium was of some value Minot and Isaacs 
state that roentgenotlierapj'’ alleviates symptoms, diminishes the size of the 
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giowth, and nnpioves the general condition, but does not influence the dura- 
tion of the disease Desjardins and Fold believe that, although loentgeno- 
thei apy may oi may not pi olong hte, it does keep the disease under control 
Chont discusses ladiation therapy of leiomyosarcoma of the small intestine 
(leschicktei states that they are radioiesistant, and Phillips is of the opinion 
that they aie moie ladioresistant than lymphosai comata We believe that no 
tumoi can be classified as ladioresistant until treatment is given and the effect 
noted As stated pieviously, it is exceedingly difficult for the pathologist to 
say whethei a tumor is a neuiofibiosaicoma, a fibiosarcoma or a leiomyosar- 
coma Certain neuiofibrosarcomata aiismg m the superficial neives are ladio- 
sensitive, and one would naturally conclude that such tumors oiiginating in the 
bowel would likewise be ladiosensitive Hence we aie firmly convinced that 
1 oentgenothei apy has a definite place m the tieatment of intestinal sai comata 

CASE REPOKTS 

Case I — L S, male, age 45, was seen Februaiy 10, 1941, m consultation with Dr 
Isadore Goldstein He gave the following history He was awakened during the previous 
night by griping pain in the abdomen The pain continued at intervals during the 
night and the next morning he consulted his family physician (not Dr Goldstein), who 
gave him a large dose of castor oil The pain became steadily worse and at noon he 
quit work and went home The pain became more intense and at times it was so 
severe that it would double him up About 2 p M he had a most agonizing pain which 
bent him double and he could not straighten out in bed 

Further questioning revealed the fact that he had never been subject to indigestion, 
could eat anything he wanted, never had pam after meals, nor was he troubled with 
nausea He did take a laxative about every two weeks, although this was not necessary 
There had never been any blood in the stool The day before the onset of his tiouble 
he did not feel very well, was a little nauseated, but other than that had no complaint 
Further questioning elicited the fact that about ten weeks previously he had had a cold 
and while coughing he noticed a lump appear m the right side of his lower abdomen 
This lump he could feel very distinctly He consulted his physician who strapped his 
abdomen with adhesive tape, having made a diagnosis of strained muscles The previous 
and family histones were essentially negative 

Physical E 'lamination —This revealed a healthy -looking middle-aged man, appar 
ently in extreme pain He lay with his thighs flexed on his abdomen and stated that he 
could not straighten out There was marked rigidity of all abdominal muscles and 
diffuse tenderness Rectal examination revealed some induration high up above the 
prostate No definite mass could be palpated A diagnosis of acute abdominal perfora- 
tion was made and surgery advised 

On admission to the hospital his temperature was 1002° F, pulse 96, respiration 
20 Examination of the heart and lungs revealed no abnormality Laboiatoiy Data 
Hemoglobin 90, R B C 4,480,000 , W B C 12,200, neutrophils 74, monoc3'tes 8, IjTOpho- 
cytes 18 Uranalysis negative Blood Kahn negative Chmeal Diagnosis— Intcsiiml 
perforation 

Opciatiou — ^Under noiocain and nupercaine spinal anesthesia, a four-inch incision 
was made at the outer border of the lower right rectus muscle The abdomen con- 
tained a large amount of thin, opalescent fluid in which were small drops of oil, which 
was removed bj aspiration There was a mass about the size of an orange m the peUis, 
and some of the epiploic appendages of the sigmoid w'ere adherent to it The tumor 
was 111 the distal part of the ileum The adhesions betw'cen the tumor and the epiploic 
appendages and adliesions between the tumor and peritoneum co\ering the bladder were 
separated, and the tumor itself was delivered from the abdomen Further exploration 
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of the pelvis revealed scattered pieces of tumor tissues in the cul-de-sac All of these 
were removed An examination of the intestine revealed no other pathologi The 
mesenteric lymph nodes were not enlarged A resection of the terminal ileum was done 
and a side-to-side isoperistaltic anastomosis was made, using catgut throughout 

The remainder of the fluid in the abdomen was then removed by aspiration Eight 
grams of powdered sulfanilamide was intioduced into the abdominal cavitj^ and the wound 
closed in layeis without drainage 

Pathologic Eiamination — Gioss Dr Laman A Gray There was a portion from 
the small intestine measuring 12 cm long One end of the intestine, for a distance of 
9 cm , was essentially normal except foi the gradual appearance of a whitish, thickened 
condition of the muscular wall until it finally entered a nodule in the bowel wall measur- 
ing 6 cm This nodular tumor had a graj ish-white appearance and one side was ragged, 
having been torn, and containing numerous hemorrhagic spots (Fig 1) A portion of 
the intestine for 2 5 cm was pi esent on the other side and showed it to be essentially 
normal There were also several small pieces of grayish-white tumor tissue measuring 
up to 2 cm 

Mtci oscopically, sections from seveial masses of tissues showed them to have a 
quite solid appeal ance, made up of elongated spindle-hke cells with lather large vesicular 
nuclei which weie also long and oval In some areas there was variation in the size 
and shape of the nuclei, some being quite dark Tlieie were very definite scattered 
mitoses (Fig 2) Pathologic Diagnosis Spindle cell sarcoma (this might be consid- 
ered a neurofibrosarcoma but I am more inclined to the diagnosis as stated) 

After a veiy stormy convalescence, duiing which he received two blood transfusions, 
the patient gradually leco^ered The wound became infected and drained for some 
time He was dismissed from the hospital March 5, 1941, 23 days after admission Four 
weeks later roentgenotherapy was begun, and the patient received in all 4,500 r units, 
delivered through three fields — right anteiior, left anterioi and perineal Distance 50 
cm , filtration i Mm of aluminum and 0 5 Mm of copper 

At the present time he is perfectly well Careful examination of the abdomen fails 
to reveal the piesence of any tumor nor is there an\ free fluid within the abdomen The 
liver is not palpable Rectal examination fails to reveal any induration in the cul-de-sac 
The superficial lymph nodes are not enlaiged 

Case 2 — H K , white, male, age 40, was first seen in consultation with Dr David 
Cohen of Louisville, Febiuaiy 28, 1941, on account of giiping pain in the abdomen 
The patient had always been well until about six months ago when he began to have 
pam and cramps in the light lower part of his abdomen At this time he was under 
the care of another ph>sician Roentgenologic studies of the gastro-intestmal tract re- 
vealed some irregulantv in the duodenal cap but nothing positively conclusive of ulcer 
He was staited on an ulcei legimeii but did not improve About three months ago he 
had a severe hemorrhage from the gastro-intestinal tiact There was no hematemesis, 
all of the blood being passed per lectum He was extremely pallid and weak and was 
given suppoitive treatment and kept quiet in bed for about three weeks During this time 
he continued to have griping pain m the lower abdomen coming on one-half to one hour 
after meals His stiength gradually improved and he was finally able to be up and 
about Ten days ago he was examined by a different roentgenologist The stomach and 
duodenum were negative for ulcer The colon was normal A study of the small in- 
testinal tract revealed in a large number of films an identical pattern m a loop of bowel 
which lay in the light lower quadrant The roentgenologist thought he could palpate a 
mass It was at this time that the patient was referred to me 

The patient had lost his appetite because he feared the pain in his abdomen that 
came on after meals He was slightly constipated but no more so then than he had 
always been There were no other sjmptoms except weakness and loss of 20 pounds m 
weight His past, and family histones were essentially negative, other than that his 
father had died fi om cancel of the lung at age 62 
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Physical Examination — This revealed a middle-aged man, rather poorly nourished 
Examinations of the head, neck, heart and lungs were entirely negative Examination 
of the abdomen revealed a mass m the right lovvei quadrant which was movable and 
apparently nodular It was not tender Theie weie no other masses, no tenderness 

-Fig I 



Fig 2 

Fig I — Case i Spindle cell (^) (neurofibro or leioniyo ) 
sarcoma of ileum Normal intestine to the right Growth of into 
lumen well shown, also aiea of hemorrhage 

Fig 2 — Case i Neurofibrosarcoma of the ileum Cells are 
arranged into bundles and whorls Vessels are numerous Nuclei 
are elongated Chromatin stippled Much resemblance to smooth 
muscle cells 


and no rigidity The liver was not palpable nor was the spleen There were no en- 
larged nodes in the groin, axillae or in the neck Laboi afoi y Data Hemoglobin 62, 
RBC 4,580,000, WBC 18,450, neutrophils 83, lymphocytes 17 There IS some aniso- 
cytosis and hypochromia of the red cells Uranalysis negative Blood Kahn negative 
Blood urea nitrogen 15 mg per 100 cc blood Clinical Diagnosis Tumor of the small 
intestine, probably sarcoma 

Opeiatmn, A five-inch incigion through the lower right rectus muscle exposed a 
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tumor of the small intestine about 10x5x5 cm There were some fine adhesions between 
the tumor and the epiploic appendages of the sigmoid The appendages were doublj" 
ligated and divided The tumor originated either in the lower part of the jejunum or 
the beginning of the ileum Grossly, it was yellow in color and was almost completely 
obstructing the intestine There weie some small soft nodes in the mesentery of this 
loop of bowel A wide resection of the small intestine was done including as much of 
the mesentery as possible A side-to-side isoperistaltic anastomosis was performed and 


Fig 3 



Frc 4 


I IG 3 — Case 2 Reticulum cell sarcoma jejunum Dilated 
jejunum to right (A) Shows wall infiltrated with tumor (B) 
Angulation causing partial obstruction (C) Secondary small 
growth of similar tape Hypertrophj of solitarj lymph follicles 
well demonstrated 

Fig 4 — Case 2 Ljmpliosarcoma of jejunum Cells are 
closeh packed in iriegular masses, supported b> small amount of 
new stroma Cells are round, lia\e delicate cjtoplasm Numerous 
mitoses 


the opening in the mesentery closed The liver and spleen were normal Eight Gm 
powdered sulfanilamide was put in the abdomen and the wall was closed in layers 

Othei than a mild postoperative pneumonia the patient made an excellent recovery 
and left the hospital 16 daj^s after operation 

Pathologic Examination — Gross Dr Harry M Weeter Section of small intestine 
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showed the chaiacteiistics ol jejunum, consisting of three parts — the proximal portion, 
approximate!} lOO Um in length and open about 75 Mm m width—the distal portion, 
approximately 200 Mm m length and about 55 Mm m width and a central tumor mass 
completely encircling the intestine which, after being incised, measured 100 Mm m 
length by 95 Mm in width by 20 Mm in thickness The proximal and distal portions 
of the intestine had angulated and become adherent to the tumor mass, so that the two 
portions just touched each other m the side lateral to the mesentery The inner surface 
of the mass was shghtlv necrotic (Fig 3) The cut surface presented a smooth tumor 
whose point of origin was, grossly, the mucosa Lymph nodes dissected from the 
regional mesentery were not enlarged 

Mici oscopically, the tumor appeared to rise in the mucosa, replacing the latter and 
infiltrating the submucosa and muscularis, and terminating beneath the peritoneum, the 
subpentoneal tissue being infiltrated by neoplastic cells Many of the cells were evi- 
dently lymphocytes , others were large, rounded to oval cells with a moderate amount of 
cytoplasm There was a fine connective tissue stroma The cells, in places, seemed to 
he in contact with the delicate network of the mucosa In some places they lay loosely 
in free masses There was no pronounced alveolar arrangement although some aieas 
suggested this formation Some nuclei were deeply staining A number of monasters 
occurred (Fig 4) Pathologic Diagnosis Reticulum cell sarcoma of jejunum 

This patient was likewise given postoperative irradiation of 1,500 r units through 
each of three fields — right anterior, left anterior and perineal The factors were the 
same as m Case l Examination nine months after operation revealed no masses in the 
abdomen or could any tumor be felt in the pelvis by rectal examination There w^as no 
enlargement of the superficial lymph nodes The patient has gained 18 pounds in w'eight 

Case 3 — R L , white, male, age 18, was admitted to the hospital, August 23, 1941, 
being referred by Doctor Sweeney, of Liberty, Ky , with a history that two years ago 
he began to have cramps in the abdomen and vomiting This was accompanied by chills 
and fever He was sick for only a few days and then went back to work and seemed 
perfectly well until July, 1940 At this time he again developed cramp-like pains m 
the abdomen and vomited almost continuously for three weeks He became exceedingly 
weak and lost 15 to 18 pounds in W'eight This attack was diagnosed as gastro-intestmal 
trouble and seemed to be relieved by treatment During the past winter (1940-1941) he 
complained of w^eakness and fatigue He gained a little weight but did not feel w^ell 
Immediately after eating he would have pain in the abdomen These symptoms had 
been practically constant until six weeks previous to admission to hospital when he again 
began to lose weight and strength 

Three weeks ago the pain in the abdomen became more severe and he began to 
vomit Three days previous to admission he noticed a mass in his abdomen just to the 
right of the umbilicus This mass w^as movable, at times being located in the right lower 
abdomen and at other times being under the right rib margin 

Physical Exaimnaiion — This revealed a somewhat pale, fairly w^ell-developed, under- 
nourished 3'oung man The abdomen w'as flat, and in the right lower quadrant rvas a 
mass approximately 12 cm in diameter This was nodular, not tender, and w'as movable 
There was no free fluid m the abdomen The liver and spleen were not palpable There 
was no tenderness or rigidity The abdomen was reexamined three hours later and at 
this time the mass was located^ m the upper right abdomen and seemed to extend beneath 
the ribs Rectal examination \vas negative Laboiafoiy Data RB C 3,350,000, W B C 
^,100, neutrophils 62, eosinophils 3, monocytes 3. lymphocytes 30, metamyelocytes 2 
Hemobiogin 94 Gm (626%), color index 94, hemoglobin per red cell 28, platelets 
abundant Uranalysis negative Blood Kahn-negative 

Roentgenologic Examination —A plain film of the abdomen showed a large amount 
of gas and fecal material m the colon The bony structures seemed to be normal 
Nothing else of importance w^as noted A barium enema filled all parts of the colon 
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readily The sigmoid was long and toituous The bowel, in general, was hypotonic 
The cecum was legular m outline and normal in tone 

Films were made both before and after evacuation They showed nothing definitely 
abnormal in the large bowel aside from the fact that a gieat deal of gas and fecal 
material were present, evidently indicating that elimination was not satisfactory The 
bowel was somewhat hypotonic Nothing else of importance was noted No defects 
were found in the cecum suggesting pressure defects due to extrinsic masses of any type 
An intravenous uiinary tiact examination was done The right pelvis was found to 
be considerably dilated There was a filling defect that could be due either to intrinsic 

Tic s 



Fig 6 


Fig S ' — Case 3 Ljmpliosiicoma of jejunum (A) Primary tumor caus 
mg’ partial obstruction (B) Secondarj tumors — not uncommon in this tjpe 
of growth (C) Hjpertrophj solitary Ijmph follicle 

Fig 6 — Case 3 Lj mphosarcoma of the jejunum Ver\ cellular tumor 
imading the bowel wall Cells are round, cjtoplasm delicate and small in 
amount 


pathology or to pressure from without The ureters were not blocked The psoas 
shadows were normal Nothing else of importance was noted 

Comment There \\as a definite pyelectasis on the right which evidently indicates 
some interference w'lth the emptying of the pelvis There was a little narrowing at the 
junction of the pelvis with the ureter which mav be due to adhesions in this area or to 
pressure from wuthout 
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A film was made with the patient upright and a lead marker was placed over the 
tumor mass that could be palpated This mass was quite freely movable At times it 
was found in the upper right quadrant while at other times it descended low into the 
pelvis It was at first thought that this was connected with the kidney but this film 
showed that the tumor mass was well below the pelvis of the kidney 

Opel atton —August 26, 1941 The abdomen was opened through a paramedian 
incision There was a tumor about 8 to 10 cm in diameter, oiiginating in the jejunum, 
about 50 cm below the ligament of Treitz There was a second smaller tumor about 8 
to 10 cm further down m the jejunum The nodes m the mesentery were all enlarged 
There was no evidence of any metastasis to the livei or spleen and the tumor was not 
adherent Approximately 68 cm of the jejunum was lemoved, taking out with this as 
much of the mesentery as possible, due caie being taken not to interfere with larger 
branches of the superior mesenteric aitery A side-to-side isopei istaltic anastamosis 
was performed 

Thorough exploration of the abdomen failed to repeal any other pathology Eight 
Gm of powdered sulfanilamide was introduced into the abdomen and the wound closed in 
layers without drainage 

Pathologic Examination — Gioss Dr E S Greenwood Specimen consisted of 
two and a half feet of small intestine In the central portion of the specimen were two 
large tumor masses, the laiger one measuiing 8 cm in width and 45 cm in depth, and 
extending clear around the circumference of the intestine The smaller one was likewise 
circumferential and measured 3 5 cm in width and 2 cm in depth The entire intestinal 
mucosa was studded uniformly with minute miliary tumors, measuring on an average 
r Mm in diameter, which were situated beneath the thinned-out mucosa The large 
tumor masses were partially ulcerated but they also extended through and beyond the 
intestinal wall On cut section the tumor tissue was soft, white and densely cellular m 
appearance, and scattered throughout weie areas of hemorrhage and necrosis Surround- 
ing both tumors in the mesentei ic adipose tissue were many large lymph nodes, measuring 
up to 3 5 cm in diameter These lymph nodes were dense white and cellular and on 
cut section resembled the tumor tissue (Fig 5) 

Micioscopically, the sections through each of the large tumor masses and through 
the large lymph nodes had the structuie of a lymphosarcoma In the two intestinal 
tumors the neoplastic masses appeared to have originated in the mucosal lymph follicles 
In areas the mucosal epithelium and vilh still covered the mass, in other areas only 
remnants of glands remained on the surface and over large areas the surface had ulcer- 
ated, apparently from pressure of the mass At the edges of the tumor the neoplasm 
was confined to mucosa and submucosa, however, at the center the neoplastic cells had 
definitely invaded the muscularis and serosa In the lymph nodes the cells had invaded 
the capsule and surrounding adipose tissue 

The tumor cells resembled lymphoblasts They were variable in amount of cyto- 
plasm, size and shape and staining Mitotic figures were present in small numbers 
There were areas m which the cells were pyknotic and necrotic The entire mucosa 
of the intestine was fairly heavily infiltrated with lymphocytic cells resembling those 
found m the tumor masses (Fig 6) Now and then, m addition, there were lymph 
follicles (visible grossly) 

Sections of the mesenteric nodes showed the structure of the node still present, with 
germinal follicles in many areas Here, in addition to altered lymph cells, there were 
active proliferation of the reticular cells and dilatation of the lymph spaces Pathologic 
Diagnosis—] t}unum Lymphosarcoma, generalized with two large tumor masses as w^ell 
Mesenteric lymph nodes Involved in lymphosarcoma 

This patient made an excellent recovery and left the hospital m 12 days following 
his operation He was readmitted, September 19, 1941, at which time a roentgenogram 
of the chest failed to reveal any evidence of metastasis or pulmonary disease He was 
given roentgenotherapy through one large anterior portal extending from the xiphoid to 
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the symphysis The total dosage was 2,400 r, the target 50 cm from the skin, and the 
filtration i Mm of aluminum and 0 5 Mm of copper A report from his family physician 
stated that he died of his disease six weeks after arriving home 

Fig 7 



Fig 8 


Fig 7 — Case 4 — Neurofibrosarcoma of jejunum (A) Shous maiked 
dilatation of proximal loop (B) Shows tumor of annular constricting tjpe 
Fig 8 — Case 4 Neurofibrosarcoma of jejunum Cells are arranged into 
bundles and whorls Nuclei are elongated, cstoplasm abundant but has in 
distinct boundarj 

Case 4 — Case No 10835 V C, white, female, age 14, was admitted to the Louis- 
ville City Hospital, January 27, 1941, with historj of having had “flu” one month pre- 
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viouslj'^ During this attack she vomited two to three times daily All symptoms of the 
“flu” subsided but the girl continued to vomit, and for two weeks previous to admission 
she had vomited everything taken by mouth This was unaccompanied by any nausea, 
and usually occurred 15 to 20 minutes after eating It was not projectile, and had never 
contained blood She had never noticed any blood in the feces She lost about 28 pounds 
since the beginning of illness Past and family histones were negative 

Physical Exammaiwn — Temperature 98° F, pulse 90, respiration 20, blood pressure 
106/72 The patient appeared dehydiated, but was otherwise objectively negative 
Laboiatoiy Data RBC 5,200,000, hemoglobin 145 Gm , WBC 12,000, polys 
79%, lymphocytes 18%, monocytes 3% Uranalysis negative Blood Kahn and spinal 
fluid Kahn negative Spinal tap negative 

Roentgenologic examination showed no evidence of free air undei diaphragm There 
was an average amount of gaseous retention in the gastro-intestmal tract Several 
fluid levels, apparently m the colon, were noted One fluid level was probably in the 
distal part of the ileum It is not certain that this represents intestinal obstruction 
Barium enema revealed a dilated and atonic colon There were a few diverticula m 
the region of splenic flexure The contour of teiminal ileum was slightly irregular 
There was a large lound diverticulum with nariow opening about 2 cm proximal to 
ileocecal vahe 

An upper gastro-mtestinal study was made February 7, 1941 This revealed a 50 
per cent retention of barium in the stomach In 24 houis, 30 per cent of the barium 
remained in the stomach and only a small amount was m the colon 

It w'as thought that the patient had an obstruction of the small bowel The exact 
location IS difficult to determine Maich 5, 1941, a reexamination of the upper gastro- 
intestinal tract revealed the jejunum to be markedlj dilated There was an obstruction 
apparently in the jejunum wdiich w'as much more evident than at the previous examination 
0 pci at ion — Dr Arnold Grisw'old A side-to-side anastomosis w'as made around 
the tumor mass 111 the jejunum wdiich w'as located 18 inches distal to the ligament of 
Treitz Tumoi grossly resembled a sciiihous type of tumor similar to carcinoma of 
the Sigmoid 

Three weeks latei the tumoi and anastomosis were excised and an end-to-end anas- 
tomosis of the jejunum earned out, using the Furniss-Clute clamp 

Patholoqic Examination — The segment of jejunum measured 50 cm m length Near 
the midpoint was a fii m consti iction 3 5 cm m length and formed by firm, light-colored 
tumor tissue wdiich had paitly destiojed the w'all and constricted the lumen to a few 
millimeters Theie w^as no ulceiation The bowel proximal to the consti iction was 
dilated to 5 cm in diameter, its wall maikedly thickened by hypertrophy of the muscle 
coat Below the obstruction the bow^el lumen wms 3 cm m diameter and the wall normal 
The mesenteric lymph nodes weie moderately enlaiged 

Sections revealed the tumor to be located in the submucosa chiefly, but it was in- 
vading the circular muscle coat and the mucosa Cells weie arranged in irregular inter- 
lacing strands and bundles Nuclei ivere fusiform, most having a stippled chromatin 
pattern, but some w^ere hypei chromatic Morphology was quite uniform and no mitoses 
were noted The cytoplasm was not abundant and had many fibrillar processes The 
tumor had replaced the submucosa and much of the mucosa but only slightly damaged 
the muscle coat The infiltrative type of growth and destruction of tissue weie the only 
definite signs of malignancy Theie were no metastases in the lymph nodes Pathologic 
Diagnosis Neuiofibrosarcoma of the jejunum, obstructing 

SUMMABY 

All cases of saicoma of the small intestine that have appeared in the litera- 
ture since January, 1932, have been leviewed and are listed in the bibliography 
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Four additional cases aie repoited , and the symptoms, pathology and tieat- 
ment of small intestinal sarcoma are discussed 
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EXTENSION OF THE BORDER LINE OF OPERABILITY 
IN CANCER OF THE RECTUM* 

Vernon C David, M D , 

AND 

R K Gilchrist, M D 

CniOAGO, III 

FROM TnP SURC ICU SFR\ ICt PRF3U»TFni\N HO'iPIT\I CIIIC\rO III 

Starting with the piemise that opeiative lemoval of cancel of the rectum 
IS at present the best means of effecting a long-teim cuie, it is ohvious that the 
bioader the indications for opeiation are extended, with reasonable safety, the 
moie patients will ultimately survive Conti ariwise, it is also clear that careful 
selection of patients for ladical opeiation will mean a low resectability rate, a 
low moitahty late, a long survival rate, but, of real consequence, only a limited 
number of patients given a chance to get well The problem to be discussed 
IS concerned with the limits of operability 

Tablf I 

CAUsrs or questionable opfrabii ity in ios p vtifnts 

No of 

Cases 


Over 6s years of age 38 

One or two nodules in the liver 15 

Adiposity 10 

Obliterative pelvic peritonitis 9 

Resection of prostate or urethra with the rectum 7 

Resection of rectovaginal septum wnth the rectum 6 

Peritoneal plaques over the tumor S 

Diabetes 5 

Removal of all or part of uterus or adnexa 4 

Adherent to prostate (removal capsule) 4 

Adherent to bladder 4 

Adherent to rectovaginal septum 6 

Adherent to sacrum 4 

Adherent to uterus i 

Resection of another loop of bow el i 

Marked coronary disease 2 

Pregnancy 2 

Removal of local recurrence 3 

Fixed to abdominal wfall 2 

Asthma and bronchiectasis i 

Involvement of inguinal nodes 2 

Double carcinoma of the rectum i 

Involvement of rectal fistula by adenocarcinoma of rectum i 


Total 133 


During the last ten yeai s we have been undertaking radical operations for 
cancer of the rectum in patients who foimeily weie considered mopeiable due 
to age, adiposity, attachment of the tumor to sunounding parts, and other 

* Read before the Southern Surgical Association, Pinehurst, N C, December 9-1 1, 
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factois to be discussed Dming this peiiod, fioni 1930 to August, 1941, we 
have had 277 patients come to the Pi esbytenaii Hospital, on our service, for 
opeiation Not included in this study aie those patients seen in consultation, 
some opeiable, some inopeiable, who eithei refused opeiation 01 went else- 
wheie Of the 277 patients coming m foi opeiation, five weie deemed mopei- 
able because of the local fixation or involvement of uniemovable tissue In 
179 patients the tumor was lemoved, with an opei ability rate of 65 8 per cent, 
and a hospital moitahty late of 7 2 per cent Of these 179 patients, there 
were 129 one-stage abdominopei meal lesections, with a moitahty rate of 13, 
or 10 per cent, 28 two-stage Mummeiy opeiations, 16 obstiuction lesections 
at the rectosigmoid, five local removals of small tumors, and one resection at 
the peritoneal leflection, with no deaths Of the 93 inopeiable lesions, 84 
patients weie given a colostom)^ uith two deaths The causes of inoper- 
ability wei e, namely, hvei metastases, fixation of the tumoi to the base of the 
bladdei, or extensive involvement of the piostate, vagina or sacium 

If we divide the 179 ladical lesections into a gioup of 74 favorable cases, 
with no question of 1 esectability, and another group of 105 having one or more 
doubtful factors which clouded 1 esectability, we find the postopeiative mor- 
talit)'- 4 3 pei cent 111 the fii st gi oup, and 9 5 pei cent m the doubtful group 
As all of the opeiative moitahty was in the one-stage abdominopei meal group, 
the mortality m the favoiable cases (53) was 5 7 pei cent and 13 pei cent m 
the doubtful group (76) 

Old age is, and should be, consideied as a doubtful factor in operability 
There was only one patient refused operative tieatment because of age He 
was 81 years old, very feeble, and suffering with chronic bionchitis, and he 
was simply colostomized Of the 179 patients having operative removal of 
the tumor, there weie 38 patients over 65 yeais of age, which was the aibitrary 
age chosen as adding a hazaid to the operation, as 28 patients between 60 and 
65 went through the operation without much difference m mortality late from 
the younger age-gioup In the 38 patients over 65, there were 18 between 
65 and 70 years of age, 12 between 70 and 75, four between 75 and 80, and 
four between 80 and 85 There were four deaths, 01 106 per cent operative 
mortality, m this group, the deaths being fiom embolism in two and pneu- 
monia in two 


Table II 

AGE AND RADICAL OPERATION TOR CANCER OF THE RECTUM 

18 patients between 65-70 years i death — embolism 

12 patients between 70-75 years i death — embolism 
4 patients between 75-80 years i death — pneumonia 
4 patients between 80-85 years i death — pneumonia 

38 patients over 65 years 4 deaths (10 6 per cent) 

The choice of opeiation in this age-group was somewhat different than in 
patients under 65, in whom we almost always use the one-stage abdomino- 
perineal opeiation Twenty-two patients had a one-stage abdominoperineal 
resection with foui deaths, or 18 2 per cent, seven patients had a two-stage 
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Mummery operation, three an obstruction resection operation for a lesion at 
the rectosigmoid, and three a local removal of the tumor, the latter groups 
with no mortality 

Even though the operative risk in this group of patients has been high, we 
feel sui e that we have given years of life expectancy to a consider able group 
Of nine patients over 65 year s of age opei ated upon moi e than five year s ago, 
five lived over five years Of four patients of this group operated upon more 
than four years ago, two lived over four years In other words, age rarely 
should be considered a conti aindication to opei ative 1 einoval of the tumor 

One of the most difficult decisions to make m favor of radical removal of 
the tumor is m patients where the tumor is adherent to structures outside the 
bowel As already indicated, we found a relatively large number of patients 
inoperable for this reason, but m the past five years we have become more 
radical and have resected a large part of the prostate 111 five patients, the 
rectovaginal septum m six, the utei us and adnexa m four , the ureter m two, 
the dome and posterior half of the bladder m one, and another loop of bowel 
111 one There were two postopei ative deaths m this gioup, one from pneu- 
monia and one from sepsis Sufficient time has not passed to speak with 
authority on the long-term cure of these patients but oui impression is, from 
a review of the follow-up, that a considerable number will be given a tin ee- to 
five-year cure 

There is an added group of 21 patients where the tumor was attached, but 
not necessarily by infiltration, wheie pait of the piostate (six), the peiiosteum 
of the sacrum (five), a portion of the base of the bladder (foui), rectovaginal 
septum (five), or uterus (one), was removed Of this gioup theie was one 
postoperative death fiom peiitonitis due to the fact that the tumoi had per- 
forated into the hollow of the sacrum Thei e have been five local 1 ecui 1 ences 
of the growth, and the most unfavorable are those whei e the tumoi is attached 
to the sacrum Of the whole group, two aie living and well after thiee 5'eais, 
and four have lived ovei five yeais 

Theie have been 15 patients with one 01 two small nodules in the livei at 
the time of operation who have been given the benefit of a radical lemoval of 
the tumor We have not been impiessed with the soundness of undei taking 
radical operations where definite livei involvement is present, due to the 
tedious convalescence following radical operation coupled with an average 
expectancy of only ten months in any patient having definite liver involvement 
at the time of opeiation The piesence of one 01 moie small nodules m the 
liver presents an entirely different pioblem, as the differential diagnosis be- 
tween early caicinoma of the hvei and an adenoma 01 angioma is veiy difficult 
to make b}'' touch Of the 15 patients in this latter group, four have had 
recurrence m the liver and have died on an average of ten months postopei a- 
tively Four of these patients aie alive three to five years postopei atively, 
which justifies giving patients with questionable lesions in the liver an opera- 
tive chance of cuie 

Adiposity has not been considered a contraindication to operation in any 
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patient, although the added iisk of intia-abdominal piocedures in fat patients 
IS well known Theie weie ten patients in this gioup ^^ho weie exceedingly 
fat, most of them lathei shoit with laige abdomens There was one post- 
opeiative death fiom embolism and one evisceiation which was repaired and 
fiom which the patient lecoveied Eight patients had one-stage abdommo- 
peimeal lesections, one a two-stage Mummeiy opeiation, and one other a 
lesection of the tiimoi with closuie of the distal lectal segment of the bowel 
In the follow-up, two patients died within a yeai of livei metastases, one of 
these having had a nodule m the livei at the time of opeiation The othei 
seven patients aie alive, one five yeais, two thiee years, and two two years 
postopeiatively In operating upon such a gioup, the surgeon must be pre- 
pared for poor exposure of the operative field and a willingness to do much 
of the dissection by touch There is, no doubt, an added risk of hemorrhage, 
infection, evisceration, and cai diovasculai accidents In spite of these dangers 
there is lOO per cent expectancy of death if no opeiation is done, and that is 
the impelling indication foi opeiation in all increased risk patients with cai- 
emoma of the rectum 

In nine patients having a radical removal of the tumor there was an 
obliterative peritonitis of the small pelvis lesulting from a previous operation 
or due to endometriosis or diverticulitis This complication is an annoying 
and somewhat dangerous one m that an hour’s time may be necessary for 
obtaining proper exposure in some of these patients, and the danger of peri- 
tonitis by getting into the bowel or tumor is always present One of these 
patients died of sepsis due to inadvertent cutting of a ureter 

Four patients were found to have a perforation of the tumor with local 
abscess formation at the time of operation The soft-part inflammatory mass 
was removed with the tumor One of these patients died of postoperative 
peritonitis The other three are still alive three to five years after operation 

Among the miscellaneous factors making operability somewhat doubtful 
were peritoneal plaques over the tumor (five), diabetes (five), pregnancy 
(two), removal of local recuiiences (three), marked symptoms fiom coronary 
disease (two), fixation of the tumoi to the abdominal wall (two), ulcerative 
colitis (one), asthma and bronchiectasis (one), involvement of inguinal nodes 
(t'wo), double caicinoma of the lectum (one), and involvement of an exten- 
sive rectal fistula with transplanted cancel from an adenocarcinoma of the 
ampulla (one) Of this group theie was one postoperative death from peri- 
tonitis nr a patient with peritoneal plaques over the tumoi , the cause of the 
peritonitis was unknown The most unfavorable group was five patients hav- 
ing peritoneal plaques over the tumoi In addition to the postoperative death 
mentioned, three had recurrences m the peritoneum within two years, one 
patient is living six years after operation 

Of the 105 patients classed as being doubtfully operable, there were i8 
having more than one factor influencing that decision Of that group, there 
weie two hospital deaths 

No previous mention has been made of lymph node involvement as a 
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contraindication to operative removal of the tumor for the reason that gross 
enlargement of the nodes may be due to infection Knowing that 65 per cent 
of lymph nodes are involved with cai cinoma at the time of operation and that 
many nodes are involved that cannot be detei mined by palpation alone, we 
have favored the one-stage abdominoperineal operation as offeiing the best 
opportunity of widespi ead 1 emoval of the lymphatic tissue draining the rectum 
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cancer 
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rectum having one or moie factois which increase the hazards of operation 
and in some instances, without doubt, decrease the chances of long-term sur- 
vival It IS our belief that the indications for operation should be broadened 
as long as the moitahty late can be kept within reasonable bounds and the 
long survival rate reasonably high It is hoped that the expeiience of others 
in this doubtful class of patients may be recorded so that the limits of oper- 
ability may be more clearly defined 

Discussion — Dr Fred W Rankin (Lexington, Ky ) This is such an 
excellent piece of work which Doctor David has presented that I feel one 
should probably congratulate him on the presentation and not attempt to dis- 
cuss it, for there are so many points which need attention, and time is too 
short to take them up in order It must be digested in its published form to 
be fully appreciated He has gone into the question of operability of cancer 
of the rectum in a most meticulous mannei He has discussed the extension 
of the horizon of operability to the point of removal of portions of adjacent 
viscera, including loops of small bowel, and I am entirely in accoid with his 
thesis Likewise, I agree with him that the cases which have plaques of 
carcinoma on the pelvic peritoneum have a particularly poor prognosis, but 
still I feel that they should be resected, removing all visible plaques ^'idien 
one IS confronted with the question of cancer of the liver m an otherwise 
operable rectal cancer, the decision is not so simple and easy The operation 
IS formidable even m the hands of expert surgeons, and the convalescence is 
long, the metastases have undermined the lesistaiice of the patient and the 
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mortality rate is bound to be higher On the other hand, a death from liver 
cancer is much moie comfoi table than one from an obstiuctmg, locally spread- 
ing lectal cancel Undoubtedly, a resection opeiation m the presence of liver 
metastasis is frequently justified, but, certainly, it should not be made routine 
Occasionally, following such an opeiation, we are surprised by a duration of 
life of moie than ten or 12 months 

Doctoi David, two 01 three years ago, presented before the American 
Surgical Association his work on lymph node involvement in cancer of the 
rectum, which, to my mind, was clinching evidence — if any more argument is 
needed than clinical experience — that the radical procedure for cancer of the 
rectum, doing it m one stage, will unquestionably give the most satisfactory 
end-1 esult I believe that his demonstration, which showed that the more 
nodes examined, the more were found to be involved, is a monument of indus- 
tiy, and eliminates, completely, any arguments for local excision of rectal 
cancer with 1 eestabhshment of the bowel lumen, save m a very small group of 
cases With 65 per cent or more of involved nodes in cancer of the rectum, 
there is no question of the futility of these local operations, and they should 
not be employed save only m cases where any other kind of operation is 
impossible because of coexisting debilitating disease or local conditions Doctor 
David’s work on lymph node involvement in cancer of the rectum, to my 
mind, IS one of the most outstanding pieces of work which has ever been done 
on this disease m this country 

With the extension of opei ability, obviously, the mortality must be kept 
within reasonable bounds, the question is, what are reasonable bounds^ A 
mortality, following resection, of less than 10 per cent, is certainly reasonable, 
and Doctor David has shown that with proper teamwork, proper preoperative 
care and postoperative observation, the mortality figure can be kept between 
5 and 10 per cent His figures of 4 and 9 3 per cent m the favorable and 
unfavorable groups are eminently satisfactory, and I think are not likely to be 
improved upon 

I want to congratulate him on this magnificent paper, and to agree with 
him that the resectability rate, which permits the removal of 80 or more 
cancers out of 100, as they come into the clinic, is a distinct advance and will 
improve the figures on longevity 

Dr Harvey Stone (Baltimore, Md ) I agree with what Doctor Rankin 
and Doctor David have said In the present stage of surgical treatment in 
this condition, the type of operation is preferably the one-stage abdomino- 
perineal resection, of the general kind advocated by Miles I do not think 
there is much difference of opinion on that point However, as I listened to 
Doctor David, it seemed to me that his principal thesis was not concerned 
with the kind of operation but with the problem of when operation should be 
performed In other words, under what circumstances should one undertake 
radical surgery for this condition^ 

I was particulaily glad to hear his paper and Doctor Rankin’s discussion, 
because I find myself in a most unsatisfactory position on this question I go 
through cycles I fully agree with the principle that the only present method 
of curing the disease is by widespread radical surgery, and on that basis I 
think every extension, within reason, of ciiteria of operability is a step in the 
right direction But what happens is this I proceed on that basis, and in a 
few cases will include a little more, and a little more, in the scope of oper- 
ability, and feel satisfied until I run into three or four cases 111 which I operate 
in doubtful circumstances and something goes wrong I have had two or 
three deaths, or a series of distressing prolonged convalescences, with the 
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patient probably dying aftei live oi six months tvith the oiiginal disease, and 
that sets me back on my heels I begin to wondei whether I exeicised rational 
judgment and I begin to swing hack I confess it is highly confusing In 
piinciple, I fully agiee that the extension of opei ability should be widened, 
but, m piactice, I confess that aftei lunning into tiouble my knees weaken 
and I begin to shiink back 


Dr William Marbury (Washington, DC) I shall not attempt to 
comment on Doctoi David’s papei dnectly — which has been so ably done by 
Doctoi Rankin and Doctoi Stone — but I want to mention a colostomy tube 
used for cleaning out the left side of the colon This is moie applicable foi 
obstiuctive giowths m the sigmoid, but applies to those m the rectosigmoid 
region also The tube is a double lumen tube, on the order of that of Aliller- 
Abbott, but IS about the swe of a stomach tube It is passed into the bowel 
thiough a cecostomy and giadually woiked aiound to the descending colon 
The difficulty is to make it pass the splenic flexure (Fig i), and this is 
facilitated by putting the patient m the Tiendelenburg position 

We thought that if it weie pos- 


_ 



sible to clean out the left side of the 
colon, a one-stage lesection would 
be made mucb safei I think we 
have all found the colon so full of 
feces m these obstructed cases that 
a piimaiy resection was ill-advised 
In some of the laige clinics a primary 
resection has been abandoned foi a 
modified Mikulicz’s The mechanical 
pait has worked out satisfactonly m 
a few cases, but we have not as yet 
been able to liquefy the feces in the 
descending colon so as properly to 
clean it out Some expeiiments are 
being undertaken to accomplish this 
if possible 

The slide shows the tube extend- 
ing fiom the cecostomy to the ob- 


struction in the sigmoid 


Dr Vernon C David (Chicago, 
111 , closing) I once did most opera- 
tions of this tj'pe at Cook County 
Hospital, and theie our operability 

Tie I — Roentgenogram showing the colostomy latC WaS mUch lower, aS I think it IS 
tube traversing the entire colon down to the obstruc ii i ^ li/act-utolo <-1 

tion Barium enema extends up to the obstruction Cliciriiy liOSpiiaiS, tUan ill 

piivate piactice Therefore, any fig- 
ure as to operability rate must concern many othei things 

The remaiks of Doctoi Rankin about cancel of the rectum come, of couise, 


from an authoiity who has had no small part in making opeiation in this 
field successful, because, from the start, he has been an advocate of widespread 
radical surgeiy He has also given us indications for operation m early cases, 
allowing one to perfoim resection with eventual closure in a two- or thiee- 
stage operation For that reason his contiibutions and those of Doctoi Stone, 
and many othei s, have moie and moie inci eased the element of safety 

Doctor Stone brought out a veiy human side of the discussion, which I 
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think affects us all, but as surgeons we must have broad backs When we 
aie faced with lOO pei cent loss of patients if the lesion is not removed, I 
think we all feel better in oui minds about giving doubtful cases a chance 
I think the laiger the indications foi opeiation become, the higher will be 
the mortality of the opeiation, but if, at the end of a given time, we have moie 
patients alive, we can ceitainly feel happy about extending the operability 
To lose two 01 three patients does change one’s philosophy, but if, over a 
period of time, we can show our mortality figuies still low, and the range of 
Opel ability higher, then I think we can say we are on firm giound 


THE CONSTANTLY CHANGING PHASES OF TREATMENT 

To really know the latest in treatment, the busy doctor would have 
to read more than 200 journals every month An almost impossible task, 
of course 

Did you know that every month. Clinical Editors in various branches 
of medicine take the most important, practical, and informative articles 
from outstanding medical publications and offer them to you in DIGEST 
OF TREATMENT in concise, usable form> 

DIGEST OF TREATMENT is published in the popular digest size, 80 
pages of reading matter Each issue contains from 30 to 35 digests Mate- 
rial from each field is selected by physicians of the younger group in actual 
practice, all well acquainted with clinical problems 

If you are not familiar with DIGEST OF TREATMENT, we invite you 
to write for your sample copy 

, — J B Lippincott Co , Publishers 

E Washington Sq , Philadelphia, Pa 
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ANNULAR PANCREAS AS A CLINICAL PROBLEM* 
Edwin P Lehman, M D 

Charlottesville, Va 

FROM THE department OF SURGERl AND NECOLOQl , UW ERSIT\ OF MRGIMA SCHOOL OF MLDICIN E UM\ ERSITl VA 

Annular pancreas is an anatomic anomaly of gieat ranty The reports 
of only 48 cases have been found m the anatomic, pathologic and surgical lit- 
erature and of these only ten cases have been opeiated upon The condition 
presents, theiefoie, one of the most unusual of clinical problems, the surgical 
relationships of which aie entirely undefined In no previous case has the 
diagnosis been suggested preoperatively and thei e is no agi eement on surgical 
treatment The piesent lepoit deals with a single tieated case with a correct 
tentative pieoperative diagnosis The clinical implications of the condition 
will be stressed 

Case Report — Hospital No 155428 B R, white, male, age 23, unmarried, was 
admitted to the hospital, February 2, 1940, following study in the Out-Patient Department, 
where he was first seen eight months previousl} The patient is an underdeveloped 
young white man of illiterate rural stock who is obviously ignorant and of low grade 
mentality His IQ, on the revised Stanford-Binet Intelligence Scale, is within the 
range of the low moron, and he can neither read nor write, having gone no further in 
school than the first grade The many histones obtained during observation are, therefore, 
variable and unieliable In general, the complaint seems to be that of sharplj limited non- 
radiating epigastric pain, occurring in attacks of irregular frequency At times the attacks 
were at intervals of a month and at other times occurred several times a day They 
were apparently not associated w’lth meals, but the patient felt that eating increased the 
pain and had, therefore, limited his diet The pain was agonizing in severitj, so that his 
family ph3sician gave him morphine for relief on manv occasions Apparently the drug 
was employed quite fieely w'lthout legard to possible habit formation Belladonna and 
alkalies had no effect on the pain There w'as no known fevei w'lth the attacks, and, until 
just befoie admission to the hospital, no vomiting Theie w'ere no other abdominal 
symptoms, no disturbances of bowel function, and no abnormal stools The original Out- 
Patient diagnosis w'as pjlorospasm and peptic ulcer 

The first roentgenologic examination, November 21, 1939, show^ed “On ingestion of 
the barium meal the esophagus w'as negative The stomach filled readilj’', and except for 
a somew'hat excessive degree of spasticity in the prep\loric area, it appeared within the 
limits of normal The proximal portion of the duodenum was seen to dilate as the 
barium flowed in This dilatation ended abruptly in the second portion of the duodenum 
where the barium passed an oval defect two centimeters in diameter in a narrow stream 
(Fig i) The duodenum m this area was not fixed and the defect was wuthin the lumen 
Distal to this, and up to the ligament of Treitz, the duodenum w'as somewdiat dilated and 
there was a slight delay m the passage of barium at the ligament This distal portion of 
the duodenum had a somew'hat ragged appearance w'hich is not believed to be of clinical 
significance since this portion w'as freelj' movable and the w^all seemed pliable At six 
hours there was about a five per cent gastric residue and there was a little barium in the 
duodenum outlining the defect seen at the first examination The head of the meal w^as 
still in the small intestine At 24 hours the ascending and the descending colons w^ere 
fairly well outlined and appeared grossly negative Roentgowlogic Conclusions Polyp, 
two centimeters m diameter, in the second portion of the duodenum, most probably be- 
nign Low-grade obstruction at the ligament of Tieitz ” 

*Read before the Southern Surgical Association, Pinehurst, N C, December 9-11, 

1941 
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Just before admission to the hospital the patient had a much more severe attack of 
pain, with vomiting, and again received hypodermics of morphine The abdominal ev- 
amination was negative except for slight epigastric tenderness The results of the usual 
laboratory examinations, including the Wassermann and Kahn reactions in the blood, 
were normal There was no anemia A review of the roentgenograms resulted m an 
opinion that the lesion observed in the duodenum was more probably a constricting ulcer 
than a polyp 



Fig I — Roentgenogram of case of annular pancreas Note smooth filling de 
feet (between arrows) in dextral aspect of second portion of duodenum 


On account of the smooth contour of the defect (Fig i) the surgeon suggested the 
diagnosis of annular pancreas and the case was presented before a staff conference with 
emphasis on this diagnosis as a possibility 

Opeiatwn — Under spinal anesthesia, a transverse upper abdominal incision was 
made The gallbladder was normal, as was the liver The appendix was not seen No 
pathologic findings were noted with the exception of those in the duodenum and pan- 
creas The dilated first portion of the duodenum Avas readily identified and the duodenum 
Avas mobilized by an incision in the peritoneum at the outer side Palpation of the pan- 
creas then revealed a diffuse nodular enlargement of the organ In the head of the 
pancreas the nodules Avere large and hard and suggested malignancy The tail of the 
pancreas A\'as also indurated and enlarged so that its cross-section Avas nearly circular 
During this phase of dissection and examination the site of obstruction Avas not obvious 
It Avas felt that if the obstruction Avere due to tumor, further surgery might not be justi- 
fied One of the nodules in the head of the pancreas Avas, therefore, approached from 

beneath, and a specimen about one centimeter in diameter Avas obtained A duct Avas 
opened, from AA'hich clear fluid escaped, presumably pancreatic juice The Avound m the 
pancreas A\'as closed AAUth tAvo layers of fine silk sutures Pending the report of a frozen 
section, a further search Avas made in the region of the obstruction The diagnosis of 
annular pancreas then became clear (Fig 2) In the loAvest part of the second portion 
of the duodenum there could be seen Avhat Avas apparently pancreatic tissue in a band 

stretching across the duodenum On the superior surface this band Avas about three 

centimeters in diameter and narroAved to about i 5 centimeters in diameter at the under 
surface Aihere it disappeared beneath the duodenum Superficially it appeared thin but 
a ter dissection it proA’^ed to be about one centimeter in thickness A plane of cleavage 

575 



EDWIN P LEHMAN 


Annals of Surgery 
April 1942 


between this structure and the duodenum was found and it was then divided Immedi- 
ately the duodenum unfolded to an extent of about four centimeteis, with apparently 
complete relief of the obstruction (Fig 3) About one centimeter of the anterior portion 
of the ring was further dissected off the duodenum and removed for biopsy The cut 
ends of the pancreatic ring were closed with mattress sutures of fine silk The duodenum 
was then dropped back in place and the abdominal wound was closed with interrupted 
sutures of fine braided silk in layers 



Fig 2 - — Sketch of opentue findings in case of annular pancreas 


Pathology — The frozen section from the head of the pancreas showed inflammation 
and fibrosis The report by Dr J R Cash from the excised segment of the ring is as 
follows “A section through the main mass shows a large duct with many small sur- 
rounding tributaries, all lined by columnar epithelium Three smaller, similar ducts, 
which may well be main branches of the large duct, are also present All of these ducts 
are embedded in dense fibrous tissue Closely adjacent to them are several intact un- 
altered nodules of pancreatic tissue in which a number of small, but quite tjpical islands 
of Langerhans are seen Embedded in other areas of the fibrous tissue are scattered 
islands of Langerhans These vary from about normal size to small groups containing 
only five or six islet cells The fibrous tissue is fairly rich m blood vessels and contains 
a number of small nerve trunks In this section there is only very slight perivascular 
and periductal infiltiation by lymphocytes Several small fragments of tissue from the 
head of the pancreas, of which frozen sections had been made, show a few small ducts 
similar to those just described, and scattered islands of Langerhans embedded in fibrous 
tissue and fat Occasional small groups of acinar cells are also seen Of special interest 
in these latter sections is the presence of many more lymphocytes about the blood vessels 
and ducts as well as quite extensive and diffuse infiltration of all of the tissue with poly- 
morphonuclear neutrophils and leukocytes and numerous monocytes No evidence of fat 
necrosis is seen Pathologic Diagnosis Atrophic pancreatic tissue showing long-standing 
subacute inflammation” (Fig 4) 
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Postopeiatwe Cow sc— The patient had a smooth immediate recovery and was dis- 
charged on the eleventh day, apparently well, with the wound cleanly healed He was 
readmitted on the seventeenth postoperative day with recurrence of his epigastric pain, 
now radiating around the right side of the back, for which he had again received hypo- 
dermic injections On this occasion the temperature was 992° F, the leukocyte count 
was 18,000, and there was definite tenderness 111 the epigastrium His complaints were 



Fig 3 — Same as Figure 2, after division of iing and parli il ‘■uture of cut 
ends Note unfolding of duodenum 


extremely violent at first, but ceased immediately following a hypodermic injection of 
codeine The next day he was apparently comfortable and was discharged three days 
later, without complaints The blood amylase was 29 4 mg per cent 

The patient continued to return to the Out-Patient Department at frequent intervals, 
with the same type of complaint His home physician was giving him morphine when- 
ever he was called On several occasions in the Out-Patient Department the pain 
promptly ceased following a hypodermic of sterile water 

On April II, 1940 a gastro-mtestinal roentgenologic examination showed "On in- 
gestion of the barium meal the esophagus was negative The stomach filled readily The 
pylorus was very spastic The second portion of the duodenum was pulled far to the 
right, and there was a low-grade obstruction Otherwise, no definite abnormalities were 
demonstrated At six hours the stomach was empty and the head of the meal in the 
ileum At 24 hours barium was scattered throughout the large bowel in insufficient 
quantity to warrant any further opinion Roentgenologic Conclusions Low-grade ob- 
struction m the second portion of the duodenum which is drawn far to the right Very 

spastic pylorus” Similar findings were reported in July and August, 1940, and again in 
January, 1941 

The last recorded visit was on May 18, 1941, on which occasion he was found to 
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have a urinary retention of i,ooo cc On this occasion, again, complete relief of pain 
was immediately obtained following a hypodermic of sterile water 

Summary — Herewith is reported the case of a moronic young man with character- 
istic symptoms of chronic duodenal obstruction of a year’s duration, apparently due to 
annular pancreas, complicated by chronic interstitial pancreatitis and treated by partial 
excision of the ring He had been managed by his home physician with liberal amounts 
of morphine which, after operation, were continued on any excuse After discharge the 
patient had persistent symptoms resembling the original complaint, frequently relieved 
following a hypodermic of sterile water Postoperative roentgenologic studies revealed 
deformity of the duodenum, believed due to adhesions, with slowing of the stream but 
with no six-hour retention The patient’s mental level, and a probable morphine habitua- 
tion, make the symptomatic results of the operation impossible to estimate 

Incidence — McNaught,^® in 1933, piesented a thorough leview of the lit- 
erature of annulai pancieas, and a table showing the 40 lecorded cases (in- 
cluding one of his own), since the condition was fiist described by Tiedeman, 
in 1818 In 1935, he and Cox^" brought the lecoid up to date, with the addi- 
tion of three cases from the liteiatuie, and repoited a second case of their 
own Since that date, reports of three additional cases'* ^'* have been found, 
which, with the case heiein desciibed, make a total of 48 cases now on record 

Anatomy — Briefly, the anomaly consists of the piolongation of an annular 
piocess fiom the head of the pancieas to sui round the duodenum, which is 
usually completely embiaced by a iing of pancreatic tissue (Fig 2) If the 
ring is not complete, the defect occurs on the anterior suiface of the duo- 
denum^ wheie the anomalous structuie would otheiwise fuse with the 
anterior surface of the head of the pancieas It differs from most other 
anomalies of the pancreas 111 piesenting an abnoimal stiuctural lelationship 
to the duodenum that is, theoretically and actually, capable of causing me- 
chanical disturbance of the function of the bowel Theie is, in fact, in almost 
all desciibed cases a nan owing of the lumen of the duodenum at the site of the 
encircling band, and a dilatation of the bowel above the nariow point, the 
latter often accompanied by thickening of the wall That this partial duodenal 
obstruction is apparently not always a cause of symptoms will be emphasized 
below 

A second point of anatomic importance is the duct structuie m the anoma- 
lous ring Except when the subject of pathologic changes common m the 
anatomically noimal pancreas, the ring cannot be distinguished histologically 
from noimal panel eatic tissue, it is obviously an active poition of a secreting 
gland and possesses a duct system with a principal channel and tributaries 
comparable to the corresponding structures m the 1 est of the pancreas Intel - 
est m the anatomy of this duct has been intense, so that many careful studies 
of its origin and com se ai e available All adequately studied 

specimens have shown a constant anteiior point of origin of the duct, which 
subsequently couises to the light over the duodenum, then posteriorly, then 
to the left behind the duodenum, and finally enters the head of the pancreas 
m close relationship to the common duct (Fig 5) Here it almost always 
empties into the mam pancreatic duct,^ but may termmate otherwise Inter- 
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est m the duct has been centered entirely on the attempt to find an embryologic 
explanation foi the anomaly It will be pointed out that the anatomy of the 
duct has suigical impoitance 

Emhyology — The embiyologic oiigin of annulai pancieas had been ade- 
quately discussed both in the Amei ican and f oi eign literatui e Although thei e 
IS some disagreement, the majoiity opinion among latei wiiteis holds, with 
Lecco,^" that the anomaly occuis as the result of a failuie of complete migia- 
tion of the vential anlage of the gland, the tip of which lemains in an anterioi 
position while the duct outlet into the bowel lotates to the light and posteiioily 



Fig 4 — Section from biopsv of pancrentic iing showing duct and islands 
surrounded b> fibrous tissue and a small segment of relativeK normal acinar 
tissue 


in the noimal mannei to become the distal portion of the duct of Wiisung 
Theie is thus left behind a stiip of pancreatic tissue encii cling the duodenum 
The point of oiigin of the annular duct, its usual outlet into the duct of 
Wiisiuig, and the occasional antenoi defect in the iing all tend to suppoit this 
hypothesis The leadei is lefeiied to McNaught's excellent desci iptioiT® for 
a moie detailed consideration 

Pathology — In addition to the obstuiction of the duodenum aheady men- 
tioned as a pait of the gioss anatomy of the anomaly, associated pathologic 
changes may be divided into two categoiies Those m the anomalous stiuctuie 
itself , and those elsewhei e Although in some cases^^’ ^ (Cases i and 2) 
the annulai poition of the pancreas piesents no pathologic change, the inci- 
dence of chionic inteistitial panel eatitis is rather higher than one would 
expect The fact that the ring was found to be diseased in all five cases 
opeiated upon in whicli micioscopic study of the tissue is repoited (Table I) 
suggests the possible relationship of inflammatory changes in the ring to the 
development of clinical symptoms, as has been pointed out by others 
The rigidity of the inflammatoiy tissue is an adequate explanation for the 
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origin of obstructive symptoms In Brines' first case,® of acute hemorrhagic 
pancreatitis involving the ring, the secondaiy disease apparently piecipitated 
acute duodenal obstiuction 

The reason foi the occurience of chionic or acute pancreatitis in a con- 
siderable number of instances is not clear It is possible that the theory of 
Rich and Duff ,2® in explanation of the etiology of panel eatic inflammation, 
may be even more logical m this condition than in the nonanomalous panel eas 
The piessure behind paitially occluded ducts may be exaggeiated by the lela- 
tively toituous couise of the mam duct and by inci eased intiaductal piessuie 
caused by duodenal peiistalsis and the ciowdmg of the ballooned duodenum 
down upon the ring 

In the second category, ulceration of the stomach or duodenum has been 
fiequently repoited ^ These are, of couise, common enough, in 

general, to make indefinite any direct association between ulceration and the 
anomaly It is possible, howevei, that chionic duodenal obstiuction at this 
level might distuib the acid-base 1 elationships at the pyloius Tiuelsen® 
asciibes the occurience of ulcei to stasis in the stomach and bowel Finally, 
as with othei congenital malformations, annular panel eas is associated with a 
high incidence of othei anatomic anomalies (25 per cent accoidmg to 
McNaught and Cox^'^') which need not be listed here 

Clmtcal Picfiae — It is a sti iking fact, that of the 48 cases of record, 38 
cases aie repoited only as the result of incidental observations in the patho- 
logic or anatomic laboi atones Most of these 38 lepoits piesent no or meagei 
clinical data, but seveial of the obseivations weie made following death from 
other causes at advanced ages (65,^® 70,^'^ and 74 years,'* respectively) 
McNaught*® states that the reports of his oiigmal senes of 40 cases from the 
hteratuie were accompanied by clinical data in 15 instances, and that of these 
15 cases, nine (60 pei cent) presented abdominal symptoms in vaiying de- 
giee Among these nine cases, however, are the seven cases that came to 
operation during this peiiod Although it is obvious that annular pancreas 
can cause symptoms, these facts lead to the conclusions that the condition is in 
many instances compatible with long life, and that probably consideiably 
more than one-half of the cases do not present a disturbing degree of illness 
The possibility that inflaminatoiy changes m the ring may precipitate symp- 
toms has already been lefeired to 

The study of the cases found incidentally after death from other causes, 
although inteiesting from the embiyologic and pathologic points of view, does 
not illumine the clinical aspects of the condition as does the study of the ten 
cases lecognized and tieated as clinical problems These ten cases, analyzed 
m Table I, present interesting aspects for discussion 

When symptoms occui they are, for the most part, those of duodenal 
obstiuction The pictuie may be complicated by the presence of the symp- 
toms of an associated ulcei, including hematemesis In one instance® the 
S}'mptoms were those of an acute abdominal condition, later proven to be 
acute hemonhagic pancieatitis involving the ring 
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Diagnosis — It is obvious that a diagnosis of annular pancreas cannot be 
made on clinical data alone Of five cases examined roentgenologically 
before opeiation with the use of contiast material (Cases 5, 7, 8, 9, 10), 
the diagnosis was not made in foui by the roentgenologist, and was originally 
missed m the fifth (Case 10) In view of the 1 oentgenogi aphic appearance 
of the lesion (Fig i), it would seem that caieful 1 oentgenologic examination 
of the duodenum in all cases of paitial obstruction of the descending portion 
should permit a piesumptive diagnosis in at least some instances, or, if not 
a piesumptive diagnosis, at least the mention of annulai pancreas among the 
etiologic possibilities The failuie lo diagnose the disease stems fiom the 
failuie to considei it, which, in turn, is caused by its appaient extreme larity 

The diagnostic recoid of the suigeons who have opeiated for symptoms 
aiising fiom the disease is not good In three out of ten cases (Table I) 
the surgeons missed the condition at opeiation, though seal clung foi the 
cause of obstiuctive symptoms, and in a fonith, undei moie difficult cii- 
cumstances, the opeiatoi^ recognized only the piesence of retiopeiitoneal 
hemorrhage In our personal expeiience the demonstiation of the ring did 
not occur until considei able dissection in the region of the panel eas and 
duodenum had been carried out It is possible that a numbei of cases have 
been missed through failuie of the suigeon to lemember that annular pan- 
creas occuis 

This disease will probably leinain difficult to diagnose roentgenologically 
and to be easily missed on exploration It is safe to affirm, howevei, that 
the syndrome of chionic duodenal ileus, supplemented by corroborative 
roentgenographic evidence of obstruction, which also leveals a smooth 
niche constiicting the second portion of the duodenum from its dextial 
aspect, should make possible, at times, a coirect preopeiative diagnosis It 
must be remembeied that chionic stenosing ulcer of the descending poition 
of the duodenum may present roentgenogi aphic appearances indistinguishable 
fiom the outline described Certainly, when opeiating for chronic duodenal 
ileus, the suigeon should thoioughly expose the anterioi and lateial surfaces 
of the duodenum as far distally as the beginning of the third portion, mobiliz- 
ing the transverse colon if necessaiy 

Tieafnient — The treatment of the condition, when necessary, is ob- 
viously surgical Two methods of attack seem more or less logical, namely, 
indirect methods such as posteiior gastro-entei ostom}^ or duodenojejunostomy, 
and diiect methods such as division 01 partial lesection of the ring with 
or without a plastic proceduie upon the constricted duodenum Of these, 
all but duodenojejunostomy have actuall3'^ been empoyed on treated cases 
(Table I) 

The most popular operation has been posterior gasti o-enterostomy, the 
value of which is haid to judge from the results Of five cases treated by 
this operation (Cases l, 2, 4, 8, 9), three died postoperatively from respiia- 
tory infections In one case (Case i), the most impoitant cause of obstruc- 
tion was a congenital atresia of the duodenum beginning at the pylorus, for 
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which gastio-enterostomy is, of course, a logical procedure The complete 
recoveiy in this case is, therefore, no evidence of the value of the operation 
for obstruction in the second portion of the duodenum In the fifth in- 
stance (Case 9), recovery followed gastro-enterostomy, but here an addi- 
tional, not particularly logical, procedure was also carried out The surgeon, 
having opened the fii st portion of the duodenum longitudinally in establishing 
the diagnosis, closed it in the same direction with caie to nariow its lumen 
to a degree approaching the noimal 



Paitial lesection of the ring has been employed in two cases with com- 
plete ieco\ery m one instance and the piobable persistence of symptoms in 
the other (Cases 3 and 10) Simple division of the iing has been followed 
by complete recovery in one case, complicated by the occurrence of an intra- 
abdominal abscess requiring drainage, which, in turn, was followed by a 
pancreatic fistula of alarming seventy (Case 5) In one case, division of 
the ring was combined with a Heineke-Mikuhcz plastic on the constricted 
duodenum, necessitated by failuie of the constiiction to unfold following 
lelease (Case 7) In this case a small panel eatic fistula closed spontane- 
ously and complete lecovery followed 

In general, direct attacks on the site of constiiction are more appealing 
than indiiect attempts to by-pass the obstruction The recognized failure of 
gastro-enterostomy to cure cases of chronic duodenal ileus when the ob- 
struction IS at the ligament of Treitz would lead to the prediction that failure 
to relieve symptoms might follon the employment of this operation in an- 
nular pancreas The evaluation of the optimum method demands a critical 
revien of the mortality, as nell as the complications and results Four 
deaths occurred in the series, thiee following gastro -enter ostoiii}’’ and one 
as the result of an advanced acute hemorrhagic pancreatitis m which no 
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attempt was made to relieve obstruction This high mortality is not in- 
terpreted as condemning the traditionally safe opei ation of gastro-enterostomy 
More significant peihaps is the absence of mortality in four cases of direct 
attack on the ring, which is a simple, easily perfoimed procedure, offering 
no particular hazards aside from possible panel eatic complications The 
danger of paiici eatic fistula, howevei, is real, it occurred m two instances 
out of four Howard’s^ expenence with this complication, notwithstanding 
the ultimate recovei)' of his patient, led him to advise duodenojejunostomy 
111 place of direct attack, and Zech," also the victim of fistula, offered the 
same advice Tiuelsen®* fears not only fistula but also pancreatic necrosis 
and, therefoie, advises eithei gastro-entei ostomy oi duodenojejunostomy 
As aheady stated, the latter opei ation has never been tested in this condi- 
tion It may be pointed out, however, that the anatomic i elationships fol- 
lowing this opei ation, paiticularly in relation to giavity diamage, would be 
quite diffeient when performed in the first poition of the duodenum than 
when performed, classically, in the third poition Furtheimoie, damage 
to the common bile duct is a danger of duodenojejunostomy at this level 
Although pancreatic fistula may occur following division or lesection of 
the ring, attention to the anatomy of the annulai duct suggests the possibility 
of minimizing the chance of its occuiience It vill be lemembered that 
the duct originates with great constancy neai the head of the pancieas aii- 
terioily (Fig 5) It is obvious, theiefore, that the site of election for divi- 
sion IS anterior, as near to the head of the pancreas as the safety of the pan- 
creaticoduodenal vessels will peimit, at this level the duct may he entiiely 
avoided and, at the worst, will be cut across as a small twig at its origin 
The danger of a postopeiative panci eatic fistula should theiehy be less than 
if the ling weie divided fuithei to the right, distal to any considerable bulk 
of secieting panci eatic tissue Careful closure of the cut surface of the img 
with interrupted fine silk sutuies, according to the modern piactice in pan- 
el eatic resection, is an added safeguard 

To summarize the available therapeutic data, theie has been onl)'- one 
cuie following gasti o-entei ostomy alone, in a case in which the obstruction 
was not primal ily due to annular pancieas, and one cuie following gastro- 
enterostomy combined with duodenoiihaphy Of foui diiect attacks on the 
ring, three were followed by complete cure and one by indefinite persistent 
symptoms The scoie is appaiently slightly in favor of the division of the 
ling but the figures are too meagei to wan ant a positive opinion One 
can at least state, on the credit side, that attack on the ring seems logical 
and that it has not resulted fatally and has effected moie cuies than failures 
On the debit side, the danger of fistula is present 

There seems to be justification, therefore, for tentativel)^ advocating 
the following operative piocedures (i) Exposure of the annula and careful 
dissection to sepaiate it from the duodenum (2) Division of the ring as 
far to the left anteriorly as possible (3) Resection of a sufficient portion 
of the ring toward the right and posteriorly to ensure adequate release of 
the duodenum (4) If there is not complete expansion of the constricted 
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bowel, longitudinal incision of the stiicture with tiansveise closuie aftei 
the method of Zech ^ (5) Ligation of piesentmg ducts in the cut sui faces 

of the pancreatic iing, followed by caieful closuie with interiupted sutuies 
of fine silk (6) Closure of the aLdomen without drainage 

CONCLUSIONS 

Annular pancreas is in some instances a disease of definite clinical signifi- 
cance, demanding suigical tieatment when symptoms aie piesent The 
results of such treatment to date are encoui aging The lepoits of addi- 
tional surgically treated cases aie ui gently needed in older to evaluate the 
piopei therapeutic appioach 
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EFFECT OF REMOVAL OF MALIGNANT THYMIC TUMOR IN A 
CASE OF MYASTHENIA GRAVIS 

D Henry Poer, M D 
Atianta, Ga 

mOM Till DU MITMFNT 01 SUIlOEin, FMOItV UNUmsrTl, ATLANTA, OA 

The rKEQUENT association of lliymic abnoimalities with myasthenia 
giavis has been noted by an inci easing numhei of observers, and detailed 
infoimation concerning this lelationship has been given lecently by Blalock, 
Mason, Moigan, and Riven, ^ Millei,* Aionson,^ and otheis Tabulation of 
all lesions of the thymus found in patients with myasthenia gravis was begun 
m 1917 by Bell,^ who collected 56 cases of myasthenia gravis between 1901- 
1917, in which autopsies 01 opeiations had been peifoimcd, and m 27 of these 
thymic lesions wcie found In 1935, Noiiis'^ lepoited the autopsy findings 

Tabu I 


Piticnt Thymus 


Case 







No 

Year 

Author 

Age 

Sex 

Enlarged or Persistent 

Tumor 



Symmers* 




7x5x3 cm 

ss 

1932 

(Case 23) 

S6 

Male 


Perithelioma 

S6 

1936 

Meister’ 

3 t 

Male 


Lympho epithelioma with metas 







tases to pleura 

57 

1939 

Lcriche &. Jung* 




Tumor 

58 

1940 

Miller" 

35 

Male 

7\3xt s cm each 







lobe 60 Gm 


59 

1940 

Miller’ 

45 

Male 

6x6\i cm 30 Gm 


60 

1940 

Miller" 

27 

I emalc 


2X1 5x1 cm Encapsulated 

61 

1940 

Miller 

31 

Male 


5x3x6 cm 70 Gm Encapsulated 

63 

1941 

Campbell’ 




Tumor — Operation — Death 

63 

1941 

Campbell’ 




1 umor — Operation — Improvement 

64 

1941 

Aronson’ 




5 3x3x1 8 cm 16 6 Gm 

65 

1941 

Blalock el al 

35 

Male 

X 


66 

1941 

Blalock cl al •’ 

2« 

Pern lie 

X 


67 

1941 

Blalock cl al ■'> 

22 

r emalc 

Rt <>\2 3X0 8 cm 







I 15x25x0 8 cm 


68 

1941 

Blalock el al 

39 

Female 

Rt 9x3x0 8 cm 







L 15 2x2x0 5 cm 


69 

1941 

Blalock cl al >0 

30 

Female 

Rt 8x2 5X0 8 cm 







L 8x2 5x0 8 cm 

L U pole 9x1x0 8 cm 

70 

1941 

Blalock cl al ‘o 

31 

Female 

12x2 3x8 cm 


71 

1939 

Duvoir el al “ 

37 

Female 


6x3x2 s cm 35 Gm 


I h> mocytoma — benign 


Mention should be made of three eases cited by Meister ’ in two of w Inch the diagnosis of myasthenia gn\ is 
WTS in question and in the third, the origin of the tumor was doubtful 

(1) Matras and Priesel White male ago s6 had ptosis of both eyelids and disturbance of speech At 
autopsy a benign lympho epithelioma of the thymus was discovered 

(2) Matras and Priesel White male age 35 died following operation for removal of mediastinal tumor 
which proved to be an epithelioma of the thymus Six months before this the patient suffered with extremely 
rapid fatigability but myasthenia gravis was not considered 

(3) Mann L White female age 41 with history of myasthenia gravis for several years At autopsy a 
tumor was found in the posterior mediastinum which was considered to be thymic in origin by two other 
investigators (Gold and Meister) 

m foui cases of myasthenia giavis, m two of which thymic tumors were found 
He collected five additional cases, bunging the total to 35 instances of thymic 

* Read before The Southern Surgical Association, Pinehurst, N C, December 9-11, 

1941 
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lesions found in 8o autopsies and operations in myasthenia giavis This tabu- 
lation was continued by Blalock, Mason, Morgan, and Riven, ^ in 1939, who 
added 18 cases of myasthenia giavis with thymic lesions proven by autopsy 
or operation, and to this list we have added 17 cases, including the series of 
SIX cases repoited 111 1941 by Blalock, Harvey, Ford, and LihenthaF® 
(Table I) Thus, in a total of 129 autopsies and operations perfoimed in 
cases of myasthenia giavis, thymic lesions m the form of peisistence, enlaige- 
ments, or tumois have been found m 71 instances, or 55 04 per cent Such 
consistent findings 111 over 50 per cent of myasthemcs would indicate, without 
question, some intimate connection between such thymic lesions and the disease 
piocess itself 

Duiing the past five years the number of pi oven instances of the associa- 
tion of thymic pathology with myasthenia gravis has doubled, indicating the 
significance of Noriis’^ statement that “pathologic changes may be found m 
cases of myasthenia giavis m direct latio to the caie with which they are 
sought” This presents the possibility of abnoimal changes 111 thymic func- 
tion being piesent in all cases of myasthenia giavis, and adds to the necessity 
of close investigation of such function m eveiy patient with this disease 

To date, lemaikably few attempts have been made to influence the course 
of myasthenia gravis by surgical methods, and these have been described by 
Blalock, Haivey, Ford, and LilienthaH® Including a personal case, they 
lecoided the details of eight operations performed upon myasthemcs, five of 
which were done for removal of enlarged or persistent thymus With the 
exception of Blalock’s case, the lesults of these operations could hardly be 
called encouraging, since theie weie thiee postoperative deaths, and little or 
no evidence of improvement of the myasthenic status m the other five The 
opeiative procedure used in the iiontumor group might be criticized on the 
basis of incompleteness, since only neck incisions were made and the anterior 
mediastinum piobably was not adequately exposed Blalock’s case represents 
the first and only report of a cure of myasthenia gravis, and this was accom- 
plished by the removal of a benign thymic tumor m a patient rapidly declining 
with the disease who had had all of the various medical measures employed 
as well as roentgenotheiapy The marked clinical improvement of this patient 
has been nothing shoit of spectacular, since she has remained free from all 
evidences of the disease for five and one-half yeais So far as can be detei- 
mined, a remission of this duration has not been produced by medicinal or 
roentgenotheiapy in a patient in whom the disease had leached such a severe 
state 

During the past summer, Blalock, Harvey, Ford, and LilienthaF® have 
advanced the possibility of the potential benefits fiom surgical intervention in 
cases of myasthenia gravis by performing thymectomies upon a series of six 
patients in various stages of the disease Postulating the similarity of the 
symptoms of myasthenia gravis with the effects of curare poisoning, they sug- 
gested that some particular tissues of the body might produce a similar sub- 
stance Since the thymus is the site of pathologic changes in such a large 
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peicentage of myasthenics, they leasoned that such an abnormal secretion 
might oiigmate theie, and theiefoie, suggested exploiation of the thymic 
region Pei haps insufficient time has elapsed since these opeiations weie 
peifoimed to evaluate the lesults without bias, but the definite and sti iking 
“improvement that has taken place in most of the patients indicates that the 
thymus is concerned diiectly m the pathogenesis of the disease 

The type of lesion found m the thymus in the 71 autopsies and opeiations 
was noted to be an enlaigement 01 peisistence in 30 instances, and a definite 
tumoi was found m 41 instances Mici oscopically, tbe thymic lemnants pie- 
sented a pictuie typical of simple hypeiplasia and this teim has been used in 
many desciiptions The tumoi s of the thymus present a moie difficult pioblem 
of classification because of uncei taint}'^ legaidmg the oiigin of ceitain cell ele- 
ments of the thymus Also, confusion has aiisen ovei what tumoi s found in 
the mediastinum might piopeil} he teimed tiue thymic neoplasms, but most 
authoiities agree that this can he detei mined on a basis of (a) location, 
(b) shape, (c) moiphology, and, accoiding to Fool,^“ (d) failuie to invade 
bone, (e) tendency to spiead by extension to the suiioundmg pleura and 
peiicaidium, and (f) failuie to metastasize below tbe diaphiagm Of the 
41 instances of thymic tumoi s found at autops}' oi opeiation, 37 weie desciibed 
as benign thymomata, and foui weie classified as malignant tumors The 
foui malignant tumoi s w'eie discoveied at autopsy 

Case Report — J B G W, white, male, age 52, was seen in consultation, July 30, 
1941, w'lth Dr H Ansley Seaman, of Waycross, Ga, in regard to the treatment of a 
tumor m the anteiioi mediastinum associated with mj asthenia gravis The first symp- 
toms of mvasthenia gravis appeared m September, 1939, w’lth development of marked 
drooping of the left eyelid and weakness of the muscles on the left side of the face He 
also noted slight w'eakness m swallow'ing and talking, and consulted a rlnnolaryngologist 
who found no definite cause These symptoms persisted for six w^eeks In December, 
1939, he suffered an attack of acute appendicitis w'hich w'as treated bj opeiation and 
followed by uneventful convalescence 

The next exaceibation occurred one vear later and lasted about one month His 
jaws and tongue became so tiied that he could scarcely talk In Januarj, 1941, without 
fully recovering from the former attack, the patient became acutely ill with an upper 
respnatory infection (influenza) wdnch lasted for ten davs Following this, all symptoms 
of myasthenia gravis became lapidly and progi essively w'orse Within a month he 
noted geneial w'eakness especially marked m the late afternoon and evening, and w'eak- 
ness of the tongue and thioat muscles became so severe that the patient w'as able to 
talk for only a few' minutes at a time Weakness of jaw' muscles prevented pioper mas- 
tication of food and the patient lived on a liquid and soft diet 

March 28, 1941, he was seen by Di J G Lj'eily, Jacksonville, Florida, who con- 
firmed the diagnosis of mjasthenia gravis and prescribed prostigmine, 15 mg, tid This 
was followed by definite imnrovement, which w'as described by the patient as “giving 
more strength to talk and sw'allow ” He felt that he could not get along w'lthout the 
drug and discontinued it only after it caused severe gastiic leaction (nausea, vomiting, 
and pain) Prostigmine was then discontinued and ephediine substituted This pro- 
duced equally beneficial results and was not followed by troublesome side-effects 

Early in May, 1941, he was examined by Dr William B Porter, of Richmond, and 
Dr Edwin Lehman, of Charlottesville, Virginia, w'hile they weie conducting postgraduate 
clinics in Waycross In addition to the w'eakness of jaw and face muscles, they noted 
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the absence of the pharyngeal reflex and the diagnosis of myasthenia gravis was again 
confirmed They suggested the possible association of a thymic tumor, and roentgeno- 
grams of the chest were made which revealed the presence of a sharpl3' circumscribed, 
moderately dense shadow in the anterior mediastinum on the level with the thud, fourth, 
and fifth costal caitilages (Figs i and 2) 

In June, 1941, the difficulty m swallowing became so severe that he was sent to the 
hospital for nasal feedings for a period of ten days At this time food regurgitated into 
his nose, and mucus was so profuse that continuous suction was instituted to prevent 
choking Examination of the spinal fluid was negatne, and no sugar was found in the 



Fig I — Roentsenogr'ini, July 31, 1941, show Fig 2 — Lateral view shoi\ing same shadow 

ing circumscribed shadow in "interior mediasti- in anteiior mediastinum 
11 um 


uiine Blood count essentially normal Blood pressure 138/80 There was no evidence 
of muscle atrophj'^ or degeneration, and no changes m reflexes except the pharyngeal 
No roentgenotherapy was given 

At the time of this examination, July 30, 1941, it was obvious that the disease was 
progressing lapidly, as evidenced bj^ marked general weakness, which kept the patient 
m bed most of the time Talking and swallowing were accomplished with extieme 
difficult}’-, since all symptoms were worse m the tin oat legion The question of removal 
of the tumoi was discussed with the patient, who quickly made the decision since he felt 
tliat his condition “was hopeless unless something could be done ” 

Opciaiiou —August 16, 1941, Waie County Hospital, Waycross, Ga (Doctors Pocr 
and Seaman) Anesthesia by local and block infiltration of novocain hydrochloride, i 
per cent (Sodium pentothal, 25 per cent, given intravenously for last 20 minutes of 
operation — Dr B R Bussell ) A slightly curved incision was made from the second 
to seventh nb level along the light margin of the sternum and carried through the soft 
tissues to the surface of the cartilages The periosteum of the third, fourth, and fifth 
costal cartilages was divided foi a distance of approximately 5 to 7 cm and 4 cm of 
each of these cartilages was remolded The right border of the sternum was removed 
with rongeurs for a distance of i cm A grejush-yellow tumor, located in the thymic 
region of the anterior mediastinum, immediately came into view and could easilj be 
separated from the sternum bj’ blunt dissection with the index finger The tumor uas 
fieed from the surrounding structures and found to lie on the pleura, pericardium, and 
large blood vessels A small opening was accidentally made into the right pleural cavitj' 
which caused respiratory embarrassment for a few moments until closed with silk sutures 
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The tumor was very soft and broke apart on removal, but was so well encapsulated that 
every portion could be identified and removed The wound was closed in layers using 
interrupted sutures of black silk Convalescence was complicated by two “sinking spells” 
accompanied by extieme cjanosis Ox\gen and prostigmine successfully relieved these 
symptoms 

Subsequent Couise — Before the patient left tlie hospital he was given two light 
roentgen ray treatments over the anterior mednstmum, but each of these w'as followed 
by evidence of shock and, therefore, they were discontinued He was again given pro- 
stigmine for one w'eek after opeiation and has taken ephedrine at irregular intervals 



Fig 3 — Photogiaph of the patient, December Fic 4 —Photograph of gross specimen 
s 1941. showing scar of opeiation 


Since In November he developed acute pjclitis wdiich confined him to bed foi two 
weeks He is now working regularly as a salesman, drives his own car, has no difficulty 
in swallowing, and can talk indefinitely w'lthout fatigue (Fig 3) 

Pathologic Examination — Gi oss Di Warren B Matthews “The specimen con- 
sists of a tumor, and parts of three surgically resected ribs The rib pieces are each 
between 3 and 4 cm in length and include the costochondral junction These rib seg- 
ments are grossly normal (Fig 4) 

“The tumor is a thin, fibrous shell filled wath a putty-hke greyish-yellowy crumbly 
material It weighs 47 5 Gm after formalin fixation, and measures externally 6 5x4 9x2 5 
cm The putty-hke content is easily removed from the capsule, leaving a partly loculated 
interior The fibrous capsule dips in, forming shelves that project into the cavity of 
the tumor Nowhere is the material inside the capsule intimately adherent to the 
capsule The tumor is uniform throughout in appearance In places the capsule is so 
thin that it is almost translucent The exterior of the mass is rough, and covered with 
stringy connective tissue fibers and bits of fat 

“Mici oscopic Capsule Three sections taken from the capsule of the tumor show 
that this is made of fibrous tissue with various degenerative changes In places there 
are small granular amorphous calcifications Zones of cholesterol and other lipoid de- 
posits, with crystal clefts, are noted These vary considerably in size The connective 

590 



Volume 115 
dumber 4 


THYMIC TUMOR 


tissue IS old and relatively avasculai, containing relatively few nuclei In the loose 
areolar tissue on the outside of the mass there are a number of small collections of 
lymphoid tissue Some of these have a definitely follicular form In onl> one place m 
these three capsule sections is the tumor adherent to the capsule 

“Tumor All sections reveal a tumor made up of fairly large pale cells, apparently 
epidermoid, arranged m massive sheets (Fig 5) Cellular outlines are poorly differen- 
tiated In places the cells seem to assume no particular arrangement, m other places, 
the tumor cells are penthehomatous, extending radially from the numerous thm-walled 
blood vessels present (Fig 6) The nuclei are large and ovoid They contain little 



Fig s — Photomicrograph showing general 
characteristics of the tumor made up of large 
pale cells, apparently epidermoid, arranged in 
massive sheets Numerous fat filled macro 
phages are noted (Xioo) 



the penthelial arrangement noted in many 
places (X 200 ) 


chromatin, and m most cases a single large nucleolus There is some anaplasia althougli 
few mitoses are noted From place to place, isolated amorphous deposits of material 
resembling keratin are noted These aie concentric and may be abortive Hassall’s cor- 
puscles The fibrous stroma is scarce Scattered throughout the tumor are a few lympho- 
cytes and a few lipoid-filled endothelial leukocytes Pathologic Diagnosis Low grade 
carcinoma, probably thymic m origin ” 


DIAGNOSES OF CONSULTANT PATHOLOGISTS 

Dr Everett L Bishop (Atlanta) Slide shows massive keratmization and lamellation 
with much cholesterm and lipoid structure Calcification is present Flattened cells show 
not many mitoses There are occasional small cysts lined by cuboidal epithelium and vari- 
ous sized masses of hyaloid material This is a dermoid or teratoid tumor of low malig- 
nancy (carcinoma) without definitely designating the point of origin, although some parts 
suggest thymus 

Dr Sam Blackman (Johns Hopkins Hospital) The tumor is made up of sheets 
of epithehal-hke cells which contain a considerable amount of pale cytoplasm and large 
ovoid nuclei with little chiomatin and a single large nucleolus The cells have a definite 
and characteristic lobular arrangement and in places they seem to extend radially from 
the numerous thin-v ailed endothelial lined vascular channels Scattered among the 
epithelial cells there are Ijmphocytes Few concentric masses of hjalimzed material are 
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found which appeal to arise from the epithelial cells of the tumor and closelj resemble 
Hassall’s corpuscles The tumor cells show some anaplasia but mitoses are not frequent 
The picture is typical of the so-called carcinomata of the thymus and is relatively benign 
but tends to metastasize m the late stages 

Dr N Chandler Foot (New York Hospital) The tumor is composed of thymic 
reticulum cells which are ectodermal and quasi-epithehal and not related to the ordinal y 
reticulo-endothehum It has a definitely perithehal arrangement of cells, sometimes 
rather stiikingly epithelial in appearance Abortive Hassall’s bodies are to be found 
here and there The tumor is definitely malignant of a type desciibed by Symmers 
(peiithehoma) 

Dr Douglas Symmers (Bellevue Hospital) There are numerous blood vessels in 
the growth and tumoi cells are arranged around their long axes for a row or two, 
aftei which the giowth of the cells becomes disorderly I have not been able to trace 
any connection between the vascular wall and the origin of the tumor cells However, 
the vascular wall is extremely thin in the great majority of instances and represents 
merely an endothehal-hncd slit The tumor is malignant — and piobably highly malignant 
If one insists upon giving it a name, I think that “perithelioma” or “perithehal sarcoma” 
would suffice 

Dr Murray Copeland (Baltimore) The sections show marked hjperplasia and mul- 
tiplicity of Hassall’s corpuscles with only a moderate amount of Ivmphoid stroma Con- 
sensus of opinion IS that it is an unusual tjpc of low-grade carcinoma of the thj'mus 

Discussion — The difficulty of wilting down a geneially acceptable classi- 
fication of thymic tumoi s has been mentioned Etving’s^'* statement has been 
quoted fiequently, to wit “No group of tmnois has moie successfully resisted 
attempts at intei pi etation and classification than those of the thymus The 
pioblems involved include those which have complicated the embiyologic and 
histologic study of the gland, while added difficulties aiise fiom the compaia- 
tive laiity and considerable diversity of the tumoi s, and fiom the somewhat 
imperfect knowledge of the genei al pathology of the thymus ” He classifies 
thymic tumoi s as caicinoma, lymphosarcoma, and granuloma (Hodgkin’s 
disease) Symmers*’ has studied a fanly laige group of autopsy specimens 
fiom cases with thymic and thymic-like giowths and found two associated 
with myasthenia gravis While objecting vigorously to the use of the term 
“thymoma,” he suggests the classification (i) peiithehoma, (2) epithelioma, 
(3) lymphosarcoma, (4) spindle cell sarcoma , and (5) Hodgkin’s granuloma 

Along with the difficulties that have aiisen in the piopei classification of 
thymic tumoi s, some confusion has been found to exist m regai d to the cellular 
activity of such tumoi s, making the cleai distinction of malignancy somewhat 
questionable 111 some cases Bell'^ mentions this possibility in criticism of the 
case repoited by Meggendoifer m 1908, when he stated that insufficient in- 
formation was given m his micioscopic desciiption of the tumor Two other 
instances of malignancy of the thymus associated with myasthenia gravis aie 
the autopsy cases reported by Symmeis” m 1932 He classified these as 
perithelioma and lymphosai coma 

Meister,* in 1936, desciibed the autops)!^ findings m a case of myasthenia 
gravis 111 which a nodulai tumor was discovered in the anterioi mediastinum, 
with metastases to the light parietal pleura Two types of cells weie found 
on microscopic examination, those resembling lymphocytes and others of 
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typical epithelial appearance which had uiideigone malignant change In 
classifying this tumoi as a lympho-epithehoina, he states his belief that many 
thymic tumors lepoited as caicmoma oi sarcoma were m reality of this same 
type 

No lecord of an opeiation foi the removal of a malignant thymic tumor 
has been found, and all mfoimation regarding tumoi s of this type has been 
gathered from autopsy repoits 


CONCLUSION 

The association of thymic lesions with cases of myasthenia gravis has been 
leviewed and 71 pi oven instances have been collected fiom the liteiatuie 
During the past five yeais, over two-thnds of the cases of myasthenia giavis, 
111 which the thymus was examined at autopsy 01 opeiation, were found to 
have definite pathologic changes m the thymus This fact, plus the results 
obtained by removal of one thymic tumor and six thymic enlargements by 
Blalock, Haivey, Fold, and Lihenthal,^® indicates that the thymus, definitely, 
IS concerned with the etiology of myasthenia giavis 

The lemoval of a malignant tumoi of the thymus in a case of myasthenia 
giavis IS lecorded This, appaiently, is the only case of this type that has 
been recorded duiing the life of the patient The marked clinical impiove- 
ment that has lesulted adds to the growing evidence that the thymus is partly 
if not entiiely lesponsible foi the disease This expeiience, plus that of 
Blalock and his collaboratoi s, would indicate that every patient suffering with 
myasthenia giavis should be offeied the possible benefits of lemoval of the 
thymus regaidless of the piesence of a definite tumor 
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Discussion —Dr Joseph E J King (New Yoik, NY) I am not 
capable of discussing Doctoi Poei’s paper but I wish to say that, at the last 
meeting of the New \oik State Medical Society, Doctor Campbell, of Albany, 
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reported a somewhat similar case, with successful lemoval of the tumor, and 
I shall be glad to send this leport to Doctor Poer 

Dr E D Churchill (Boston, Mass ) I have enjoyed this presentation 
greatly It is a very impoitant case to place on recoid I am not so certain, 
as yet, what general conclusions can be drawn from it, because thymic surgery 
IS still m a formative state 

I have had thiee patients in the last ten yeais m whom I, as a surgeon, 
made a clinical diagnosis of myasthenia gravis All three had thymic tumors, 
shown roentgenographically They were lecommended to the hospital and 
studied by the neuiologists, who know moie than I do about myasthenia 
giavis I was told that these patients did not have myasthenia giavis, much 
to my disappointment Then 1 found that the neurologists have an exact, but 
empirical, definition of myasthenia gravis It is a disease entity based on the 
response to injections of prostigmme The patients I lefer to did not meet this 
specific definition Possibly they would have been labeled myasthenia giavis 
befoie the definition of the disease by the prostigmine test had been established 

What I am driving at is this Myasthenia giavis is a syndiome without 
established etiology and without a univei sally lecognized and accepted patho- 
logic finding m the thymus On the basis of the j:)i ostigmme i eaction, a great 
majority of patients with this syndiome are now labeled true m 3 'asthenia 
giavis , a few of these have thymic tumois Certain othei patients with thymic 
tumors and similai symptoms, but not reacting to pi ostigmme, are not pioperly 
termed myasthenia gravis The best lecoided i espouses to thymus ablation — 
as m the case here recoided — are m those patients with demonstrable thymic 
tumois To conclude that the thymus should be removed in cases of myasthenia 
giavis without tumor is a jump ahead of the evidence In caiefully selected 
cases, however, this opeiation may be justified for the compilation of fuithei 
data 

Dr Barney Brooks (Nashville, Tenn ) The patient repoited from my 
clinic by Doctor Blalock, who showed such marked improvement of myasthenia 
gravis following the extirpation of a mediastinal tuinoi, showed a lemarkable 
response to prostigmme over a long peiiod piioi to operation, and I do not 
believe I have ever seen a moie dramatic effect of the diug than occuired in 
the use of prostigmme m Doctor Blalock’s patient At times the muscle 
exhaustion would become so great that aitificial lespiiation would have to be 
resorted to, to keep the patient alive until the injection of pi ostigmme could 
be administered Immediately after the injection, not only was the patient’s 
respiration restored, but noimal stiength seemed to be immediately restoied 
to all muscles of the body 

Dr D Henry Poer (Atlanta, Ga , closing) In reply to Doctor King, 
and in regard to Eldridge Campbell’s two cases, they were included in Blalock’s 
recent aiticle and. therefore, have been tabulated m Table I One of these 
patients died suddenly two days aftei operation, and the second is impioved, 
but there has been persistence of the myasthenia giavis 

Doctor Churchill bi ought out some peitment points legarding the associa- 
tion of myasthenia gravis and thymic tumois The fiist of these concerns an 
accurate diagnosis of myasthenia gravis, in this gioup several diagnoses ha-ve 
been made on very meagei evidence, such as weakness of one gioup of muscles 
and abnoimal fatigability Pei haps a syndiome of some of these same symp- 
toms may also be associated with mediastinal tumois as suggested by Doctoi 
Churchill The diagnostic tests of Viets in which the i eaction to prostigmme 
IS measured, plus the quantitative studies of the state of neuromusculai con- 
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duction desciibed by Harvey and Masland (cited by Blalock) have made it 
possible to establish the diagnosis of myasthenia gravis In the case of the 
patient leported here, the diagnosis was made by a neurologist who observed 
tbe beneficial i espouse to prostigmme 

The cases opeiated upon by Doctoi Blalock dtiiing the past summer, m 
which the thymic remnants wei e i emoved, will be followed with much mtei est 
Since 1 emissions of vaiying duiation are known to occur m this disease, we 
will have to wait some time before attempting to evaluate the end-iesults My 
thought 111 presenting our case was to make us moie conscious of the thymus 
in patients with this disease m the hope that moie conclusive evidence of then 
lelationship may be obtained 
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SUCCESSFUL EXPERIMENTAL LIGATION AND DIVISION 
OF THE THORACIC AORTA=^ 

James C Oavings, M D , ajstd John F Heavitt, M D 

Baltimore, Md 

I ROM THE DEPARTMENT OS SURGERY OF THE JOHNS IIOPKINS SCHOOL OF MEDICINE, BALTIMORF, MD 

We wish to report a ncAv method that Ave haA^e used foi successful liga- 
tion and division of the thoiacic aoita Doctoi Halsted^ neaily succeeded in 
occluding the vessel by external pressuie, and both Doctor Reid“ and Doctor 
Pearse^ succeeded in blocking it by inseiting foieign bodies into the lumen 
Doctor Peai se^ also reported successful occlusion aftei extei nal application of 
a band of cellophane m 1940 It A\^as of gieat interest to us that Doctor 
Halsted had been able to constiict completely any of tbe laige blood vessels 
except tbe thoracic aorta Aftei caieful leading of his A^eiy complete papers, 
It seemed to us that theie Aveie piobably tAvo reasons foi his failuie First, 
the change in the cahbei of the A^essel had ahvaj's been made very abrupt and, 
second, that it had usually been pioduced by a A^eiy unjuelding substance, 
namely, an aluminum band We, tbeiefoie, outlined a senes of expeiiments 
m Avhich the constiiction Avas to be made in tbe foim of an boui glass, using 
for the purpose mateiials that Avould give to a ceitam extent Avith the pulsation 
of the vessel We later changed the form of the constiiction to the shape of 
a funnel Avith the laige end pointing tOAA'^aid the heait In the early experi- 
ments presented fascia lata Avas used, but Doctoi HeAvitt and I found, as other 
people had pieviously leported (Reid- and Pearse^), that this substance soon 
disintegrated and alloAved the A'^essel to Aviden its lumen We next tried a 
double layer of the best quality silk cloth, but this Avas not satisfactory because 
it tended to Avrmkle up like an accoidion and also caused too much local tissue 
leaction In time, the A^essel opened undei the cloth, alloAving piessuie to be 
reestablished in the aoi ta beloAv the band before collatei al circulation had been 
established In order to preA^ent this from happening, Ave conceiA'^ed the idea 
of applying a section of ordinal y stationei’s lubbei band OA'er tbe silk band, 
as a second stage Finally, aftei about tAVO years’ Avoik Avith only one suc- 
cessful experiment, we abandoned all othei mateiials in faAmi of lubbei It 
seemed best for seveial reasons It could be easily molded to tbe desired shape 
by mattiess sutures, it gave Avell Avith the pulsation of the A’^essel, and caused 
veiy little tissue reaction by compaiison AVitli tbe othei mateiials We soon 
found that it was necessary, no matter Avhat the matei lal used, to pi oduce tbe 
constriction always m two and usually in three stages in ordei to keep the 
pressure above the bands high enough to produce sufficient collateral ciicula- 
tion At first Ave Avaited six Aveeks to two months between operations, but 
found that this was too long because the vessel opened too Avidely We then 
tiled a series Avhere a lapse of only two weeks was alloAved, but found that 

* Read before the Southern Surgical Association, Pmehurst, N. C, December 9-11, 
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this was loo shoit a peiiod because, although the pressure below the bands 
had not been reestablished, neither had the collateial ciiculation been suffi- 
ciently developed We lost six animals from what we considered to be too 
tight an application of the second or third band, and six moie when we tied 
and divided the vessel We came to the final conclusion that thiee weeks was 
about the light inteival between the fiist and second stages and that thiee to 
SIX weeks between the time of application of the second and thud bands was 
most likely to be successful 

Oui final technic is as follows The animal, a dog, is given o 25 gr of 
moiphia and anesthetized with ether supplied thiough an intrati acheal tube 
with air pressure The left side of the chest fiom about the middle of the 
scapula to the twelfth rib is shaved and cleaned up with two coats of 3 5 per 
cent iodine, which is lemoved in turn by the application of 70 per cent alcohol 
The chest is opened m the midaxillaiy line of the fouith intei space The 
ribs are retracted by a self-i etaimng leti actor and the lung is held aside with 
a spatula This gives good exposure to the descending portion of the arch 
and the uppei poition of the thoracic aoita The vessel is freed from the 
posteiior chest wall by blunt dissection with a small cuived clamp Next, a 
stiip of the best sheet lubbei i Mm thick and i cm wide is drawn aiound 
the aoita just above the fiist intei costal aiteiy It is tightened m the shape 
of a lather wide-mouthed funnel by means of mattiess sutuies of silk The 
fiist sutuie IS placed so as to deciease the caliber of the vessel veiy little Each 
successive one, howevei, is placed so as to make the band tighter, and the 
final one so that only a veiy faint thiill is felt below the band and the vessel 
wall seems flabby The silk sutuies aie tied down tight m older to try to bury 
them in the rubber so that they will not come into direct contact with the 
vessel wall The width of the band can be vaiied accoiding to the size of 
the vessel The lubber is boiled with the instiuments for the same length of 
tune Two sutures of bi aided silk aie used to appose the iibs, after the air 
has been expiessed from the pleural cavity, by fully expanding the lungs with 
positive pi essui e tin ough the inti ati acheal tube The chest wall is then closed 
in layeis with black silk Thiee weeks latei the chest is opened through the 
fifth intei space If the piessure is found to have returned to the section of 
tlie aoita below the band, a second lubbei band is applied in the same manner 
between the fiist and second mtei costal artenes and tightened to the same 
degiee as the fiist one and closuie made in the same manner If, however, 
pi essui e IS found to be still very low, nothing is done at this time 

If a thud stage is found to be necessaiy, about a month or six weeks is 
allowed to elapse depending upon how high the tension was found to be at the 
second stage, and a third band is placed one intercostal arteiy lower 111 the same 
mannei as the fiist two 

A month 01 six weeks is again allowed to elapse before the chest is re- 
opened, at which time the vessel is ligated just below the last band and again 
about I cm distal to it, the hgatuies being of doubled C silk The section of 
the \essel bet\\een the ties is ciushed with a Kelly clamp to piomote fibiosis 
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Plate I — Demonstrates teehnic of appl>intr rubber bands Tbej are made of tbe best sheet 
rubber, i mm thiek and about i cm wide, and tightened in the shape of a funnel bj mattress 
sutures of silk The ligation and division are shown as a single stage but in realitj were usually 
done as separate steps The intercostal vessels become greatlj dilated below the most distal point 
of constriction 
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Finally, time enough has to be allowed foi the ciushed segment to become 
fixed before dividing it, or else the cut ends have to be tied together to prevent 
retraction Every time we attempted ligation and division m one step without 
tying the ends together the animals died, even though they could stand up 
and wag their tails immediately after they came out fiom under anesthesia 
We feel that this was due to the fact that the ends of the aorta usually re- 
tracted well over an inch, which m turn piobably caused angulation of the 
iiitei costal vessels This angulation apparently disturbed the collateral circu- 
lation to such an extent that it became insufficient We found this out by 
reviewing the notes on the fiist successful animal m which there had been 
considerable bleeding at the time the aorta was divided This forced us to 
transfix the mtercostals near the field of opeiation with sutures of silk which 
prevented the ends of the aorta from letractmg Plate I demonstiates m detail 
the various steps of the operative pioceduies 

The results of the whole group of expeiinients may be summaiized as 
follows During the course of the woik, 75 dogs and four cats were used, and 
the chest was opened 162 times Seventeen of the animals died from dis- 
temper, seven fiom empyema, 12 fiom what we consider to be insufficient 
collateral circulation, six from having the band drawn too tight, one from 
anesthesia, two fi om accidental death m a dog fight, four wei e sacrificed, and 
28 died fiom hemorrhage due to the various types of bands cutting thiough 
the wall of the aorta It can be 1 eadily seen that by fai the commonest cause 
of death was hemorrhage The first band cut through 14 times, the second 
band ten tunes, and the third band twice, and two animals died from sec- 
ondary hemorihage due to inadequate control of bleeding from collateral 
vessels Only six animals of the whole series lived any appreciable time, and 
two of these had to be killed because of paralyses m the hmd extremities, one 
after two and one-half months, and the othei after six weeks The remaining 
foul would piobably have lived indefinitely and, theiefore, must be considered 
as successful expei iments The protocols for these foui animals ai e pi esented 
m detail 


rnoTocoLs or roou succtssrui. experiments 

Dog No 16 — October 27, 1937 GraMsh bHck fennle, fairly large, solid color, given 025 gr 
morphine hypodcrmicallj and anestheti7ed with intrati acbcal ether Chest opened in fourth interspace 
and aorta, vliicli was considerably laiger than average, constricted in the usual manner bj a band 
of doubled glove silk When we had finished, the band did not feel tight enough, so it was further 
tightened by a tie of braided silk until a hare thrill could be felt Constriction was made just below 
the arch and abo\e the first intercostal The dog stood the operation well 

No\ ember 24, 1937 Chest reopened, aorta below the tie was found to be still flabbj and a thrill 
could be felt Much more blood was going through than when the first constriction was made Aorta 
again compressed bv two ties of braided silk one o\er the lower end of the silk band and one about 
2 cm below this, which were tied down until a bare thrill could be felt 

Januarj 31, 193S Aorta had returned to about the sme it was on November 24 It was again 
constricted, this time by a rubber band placed between the two braided silk ties and tightened until the 
vessel wall was flabbv and onl> a faint thrill could be felt 

March i6, 193S Aorta still flabbv and onlj a bare thrill was felt but tension did seem a little 
higher than when noted on Tanuarv 31 The heart seemed greatlv dilated Chest closed without 
clomp to the TortT 

Tunc S, 1938 Aorta complctclv tied off with doubled braided silk just below the lowest point of 
constriction Before the tie was made a faint thrill could be felt but tension in the vessel seemed 
verv low The animal stood the operation well and had some tone in both hind legs and also in the 
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tail immediatelj after operation The animal did, howeser, seem to have some resjnratory distress and 
the heart was huge oceup>ing about one fourth of the thoracic ca\it> 

June 22, 1938 The animal regained the use of the hind legs within 48 hours, and has been active 
ever since 

Maj 10, 1939 Animal had been quite healthj during the past jcar Chest reopened The aorta 
was still rather flabbj with no pulsation felt below the ligature, but a verj faint thrill was made out 
so blood was apparentlj leaking through the site of the tic to some extent The heart did not seem 
to be greatly enlarged The intercostal vessels were quite large and one was perforated during the 
closure of the chest wall causing bleeding which was controlled only with great difficultj The aorta 
was tied twice, once on the normal wall below the old tie and once about r cm above tins over the 
old scar tissue of the previous tie The animal stood the operation well 



Fig I — Roentgenogram of collateral circulation of Dog No 
16 after injection of modified Hill’s mass Aorta can be seen 
to be interrupted just below the arch and beginning again at about 
the level of the sixth intercostal Most of the collateral goes 
through the internal mammarj arteries 

May 15 1940 Chest reexplored Fairlj good pulse in the aorta but no thrill indicating that there 
was good collateral circulation but no leak through the point of previous occlusion The intercostals 
were verj large and a good pulsation was seen in them Considerable bleeding was encountered in 
opening the chest wall but was controlled with little difficultj The aorta was easilj exposed, but after 
being freed a pair of intercostals were found to emptj into the segment that was to be cut so these 
were tied off first The aorta was then divided between ligatures of doubled C silk The ends did not 
retract because the mattress sutures used to tie the intercostals held the two cut ends together The 
animal seemed to stand the operation verj well 

October i, 1940 Dog went blind during the summer, and the resident ophthalmologist said that 
this was due to bilateral retinal separation She has seemed verv well otherwise 

December 16, 1940 Kidnej function test o 5 cc of phenolphthalein introduced intravenously, 20 
per cent in 30 minutes 30 per cent in 60 minutes total 50 per cent in one hour 

December 18 1940 Liver function test 5 mg bromsulphaleiii per kilo introduced intrav enouslj 
Five minutes, 10 per cent, 30 minutes, o per cent 

Maj 19, 1941 Pressure in right carotid arterj 190 Afm Hg Left femoral I37 Mm Hg (Pressures 
taken bj puncturing arterj w ith a small needle connected directlj to a mercurj manometer ) 

Julj 28 1941 Blood chemistrj N P N 38, chlorides (as sodium chloride) 468, sugar 68 Kidnev 

function, phenolphthalein 30 minutes, 20 per cent, 60 minutes 25 per cent total 45 per cent 
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July 30, 1941 Riglit carotid was moved up under skin so it could be easilj used to determine 

blood pressure „ j. -di j 

September 8 , 1941 Liver function test 5 minutes, 40 per cent, 30 minutes, 10 per cent Blood 

chemistry N P N 64, chlorides SM 8, sugar 76 ^ 

September lo, 1941 Piessure right carotid 182 jVIm Hg Right femoral 142 Mm Hg Kidnej 
function test 30 minutes, 50 per cent, 60 minutes, 15 per cent, total 65 pei cent 
September 29, 1941 Blood chemistry N P N 29, chlorides 495, sugar 80 

October 1, 1941 Piessure light caiotid 190 Mm Hg Pressuie right femoral 140 Mm Hg Liver 
function test s minutes, 30 pei cent, 30 minutes, 10 per cent 



Fig 2 — Shows the blood from the dilated internal mammary 
arteries continuing through the superior and inferior epigastric 
\essels back into the iliacs 

October 13, 1941 Dog killed to daa hi injecting modified Hill’s mass into the left carotid as she 
was bled from the right jugular lein, in order to demonstrate collateral circulation Roentgenograms 
showed that most of the blood was carried by the internal mammary vessels and the phrenic artery 
into the intercostals below the site of the division back into the aorta and directh through the superior 
and inferior epigastric vessels into the iliacs This collateral circulation is well demonstrated in Figures 
I and 2 The tissues looked grossly normal except for the liver, which showed some evidence of 
chionic passive congestion and the aorta, which showed the changes so well described previouslv by 
Doctor Halstedo and Doctor Reid,*' that is, a decided thickening of the v'cssel wall above the point of 
division, due piincipallv to an increase in the muscle of the media, a replacement of the vessel wall by 
fibrous tissue under the hands and a tendencv of the vessel wall to thin out immediatelv below the 
point of division The eves were turned over to the Wilmer Institute for studv 

Rovember 24, 1941 Microscopic sections of the tissues merely confirmed the gross impression as 
shown in ligiiies 3 and 3 A 

Dog No 22 — Taiuiarv 29 1039 Shaggv, longhaired white and tan, male The chest was opened 
through the fourth interspace The aorta constricted just above the first intercostal bv means of a 
riibhci band until oiilv a bare thrill could be felt and the vessel wall was flabbv The band was verv 
narrow and it was felt that it might cut through 
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April 12, 1939 Chest ivull infected, %vottnd opened md silk removed, then looseh closed uith 

catgut sutures , , . , , , 

Maj IS, 1939 Chest reopened through the fifth interspace Since the %essel had opened until 

there i\as fair tension below the first band, a second rubber band nas placed around the aorta between 
the first and second intercostals and tightened until onlj a very slight thrill could be felt 

June 28, 1939 Chest explored There was still too much tension in the aorta, so a thud band 
was placed two intercostals below the second one, and tightened to the usual degree 

August 21, 1939 Tw'o of the preMous wounds were infected and had to be opened so that the 
silk could be cleaned out and the wound closed with catgut 

October 11 1939 Aorta doubly ligated with heavy braided silk, the first ligature being placed just 
below the last band and the second about i cm below it The portion of the aessel between the two 
ligituies w IS crushed with a clamp The dog stood the procedure well and was able to walk as soon 
as he cinie out of the anesthesia 

October 16, 1939 Dog in good condition Little if any weakness of hind legs 
May 13, 1940 Chest reopened Aorta showed aery faint pulse below site of ties and no thrill 
The ties weie so near the dnphragm that exposure was difficult A dilated inteicostal vessel was torn 
dm mg the attempt to expose the field of operation and controlled only with considerable difficulty 
Ilowevei, the lorta was finally exposed and completely divided under diiect vision after having been 
tied with doubled C silk It did not letract because the mattress sutuie on the intercostal held the cut 
ends close together The animal was in good condition postoperatively in spite of consideiable loss of 
blood He was able to wag Ins tail and stand up 

July 7, 1940 The dog had remained in good health, and it had been intended to make physiologic 
studies on the animal in the fall, but today he was found dead in the yard of the laboratoiy, having 
been killed in a dog fight The tissues were so badly disintegrated that no attempt was nude to get 
microscopic sections Field of operation showed no hemoiihage or infection 

Dog No 23 — February 6, 1939 Tiny white dog, male The chest was opened thiough the left 
fouith Intel space, and a band of rubber placed around the descending portion of the aich just above 
the first intercostal and drawn down with mattress sutures until the vessel wall below was flabby and 
only a very slight thrill could be felt 

April 17, 1939 Chest reopened, intercostals below previous band were greatly dilated — approxi 
mately three times normal No thrill could be felt in the vessel and no pulse below the previous band, 
but tension seemed normal even when the vessel was completely compressed in the region of the band 
A second rubber band was applied one intercostal below the first one, almost completely compressing 
the vessel, but tension still remained high There must have been a large volume of blood entering 
the aorta below the first band by way of collateral vessels The dog stood the operation well 

June 26, 1939 Chest explored Very few adhesions were found No thrill or pulse felt in the 
aorta below the compressing bands but tension did not seem to be as high as it was on April 17 
Vessel doubly ligated one intercostal below point of compression The upper ligature was of braided 
silk and the lower of doubled C silk The ligatures were placed about i cm apart and the wall of 
the aoita was ciushed between them to promote fibrosis The dog stood the operation well and had 
good tone in the reai extremities as soon as he woke up 

Mav 8, 1940 The dog has been in good health during the past year Chest reopened The 

intercostals were found to be greatlv dilated and much bleeding was encountered m the intercostal 
muscles No pulse could be felt in the aorta and no thrill below the tie The area between previous 

points of ligature was found to be collapsed and felt fibrosed Religated with doubled C silk just 

below previous ties and div’ided A double ligature was placed on the lower end and a single on the 
upper end Cut ends w ere not allow ed to retract 

May 13 1940 Dog ate a full meal on night of operation Has no weakness of the legs or tail 
and has been in fine condition ever since 

July 7, 1940 Dog found dead, having been killed in dog fight The tissues were so badly 
disintegi ated that no attempt w as made to get specimens foi section No phy siologic studies had been 
made Field of operation showed no hemoirhage or evidence of infection 

Dog No 30 Jaiiuarv 27, 1941 Small shaggy, grav male Left side of chest opened through 
fourth interspace, and a band of rubbei sheeting, i cm wide funneled around the aorta between the 
first and second intercostals and tightened until onlv a bare thrill could be felt and the vessel wall was 
fl ibbv 

February 17 1941 Chest reopened The vessel showed a good thrill with fair tension below the 
band The second band was placed two intercostals below the first and tightened to the usual degree 
April 28 1941 Chest explored Onlv a very faint thrill was felt in the aorta but pressure below 
tbe second band seemed fairlv high Vessel tied with doubled C silk just below the second band and 
again 1 cm distallv The area between the ties was thoroughlv crushed The dog was able to walk 
and wag his tail as soon as the anesthesia wore off, but his hind legs seemed a little weak 

April 29 1941 Hind legs are still weak but he can walk, though he wobbles considerablv 
April 30, 1941 Strength of legs seems to have returned, also dog can wag his tail now Bled 

for clKimstrv to dav N F N 52 sugar 86 chlorides 422 4 

Ml' 5. 1941 Blood pressure right carotid 220 Mm Hg . left femoral 100 Mm Hg Liver function 
test 5 niiiiutcs 20 per cent 30 minutes trace 

Kidntv function test 30 minutes 17 per cent, 60 minutes 40 per cent, total 37 
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July 28, 1941 Blood chemistry, N P N 40 chlorides 471 siif,ar 84 
July 30, 1941 Left carotid was mo\ed up just beneath the skin 

September 8, 1941 Lner function test 5 minutes, 30 per cent, 30 minutes 0 per eent Blood 
chemistry N P N 48, chlorides 504 9. sugar 84 

September 10 1941 Pressure left carotid 207 Mm Hg pressure right femoral 140 Mm Hg 

Kidnej function test 15 minutes, 40 per cent 60 minutes, 12 per cent total 52 per cent 

September 24, 1941 Examination of this dog’s cjegrounds during the summer of 1941, bj Doctor 
Walsh of the Wilmer Clinic, shoucd hemorrhage and exudates The left eje showed a few ahsorhing 
exudates and both e>es showed manj n irrow \essels The ner\e heads were normal in color and 
\ision seemed normal 



Fig 4 — Roentgenogram of collateral circulation of Dog No 
30 injected with modihecl Hills mass Ihe "^orta shows two areas 
cf constnc'ion and then complete interruption for about one inch 
The constricted areas are at the sites of the first and second 
bands The internal mammari arteries are again carrying most 
of the collateral blood as in Dog No 16 The posterior branch 
of one intercostal near the point of di\ ision is also very much 
dilated 

September 29, 1941 Blood chemistrj N P N 42 chlorides 488 sugar 8s 

October i, 1941 Pressure left carotid 218 Mm Hg , pressure right femoral 148 Mm Hg Lner 
function test s minutes 10 per cent 30 minutes o per cent 

October 6, 1941 Chest reopened, \erj few adhesions found The area of the aorta between the 
ties seemed calcified and when it was cut felt also as though it was The lumen was obliterated The 
cut ends were tied together bj ligatures placed near the preyious ties in order to preaent retraction 
and possible angulation of the intercostals Dog stood the opeiation well and was up and walking 
around within an hour 

October 27 1941 Animal sacrificed today bj injecting modified Hills mass into the left carotid 
One hundred and fifty cc of the solution were used, and the injection was made with a syringe with 
the animal under anesthesia while being bled from the right jugular rein Two plain roentgenograms 
were taken and then stereoscopic films No gross changes were noted in the organs except eridence of 
chronic passu e congestion 111 the brer The aorta abore the constriction was greatly thickened but not 
as much as in Dog No 16 The portion under the bands was replaced by scar tissue, and the 
section that rras tied off rras calcified rrith obliteration of the lumen The collateral circulation was 
the same as that in Dog No 16 and is rrell demonstrated in Figure 4 
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apply One band placed fanly close to the aneuiysm might slow the cn dila- 
tion enough to pioduce thiombosis, which would piobably be all that would 
be necessaiy The method affoids a veiy good means of studying the effect 
of hypei tension on the heait and othei stiuctuies above the point of division 
It w'ould also piobably be veiy inteiesting to study the blood piessuies below 
the point of constiiction shoitly aftei it wms pioduced, m oider to see wdiether 
It is low enough to cause distuibance m the function of the oigans below the 
diaphiagm The piessure certainly seemed vei}" low' and yet the animals did 
not show' any appaient distuibance of function No physiologic studies were 
made eaily on any of the animals because we had no idea wdneh ones w'ould 
live and did not have time to study them all We weie not able to decelop 
any certain means of detei mining just exactly wdien an animal w'ould stand 
ligation of the aoita This is w'ell illustiated by the fact that 20 animals w'ere 
carried to the point w'heie w'e thought ligation w'ould be safe, but only six 
actually suivived it foi any appieciable length of time, and tw'o of these weie 
paralyzed 111 the hind quai tei s It might be that if w'e had cai efull)' measured 
the piessuie in the femoial aiteiy thioughout the couise of the expeiiments 
we w'ould have been able to tell foi ceitam wdien sufficient collateial ciiculation 
had developed If I w'ere going to lepeat the expeiiments, I w'ould unques- 
tionably do this By using wude bands of best ejuahty lubbei w'e w'cie able to 
produce collateial ciiculation of sufficient degiee within thiee to foui months 
We were nevei able to get an animal to suivive aftei dividing the aorta as a 
piimaiy pioceduie even wdien theie seemed to be sufficient ciiculation below 
the constiictions We found that it W'as necessaiy to ligate the vessel 111 tw'O 
sepal ate places and to crush the w'all betw'een the hgatuies 111 oidei to get 
complete occlusion, because a single tie w'ould eithei cut thiough the vessel 
wall 01 else the lumen of the vessel ivould become widened after the hgatuie 
had cut dow'ii to the intinia We wish to stress again the fact that after the 
vessel IS divided the cut ends must not be allowed to retiact, because through 
angulation of the iiitei costal s 01 some othei derangement the collateial circu- 
lation is so embairassed that death will lesult This technic could be used 
on any large blood vessel m the body when it is the wnsh of the operatoi to 
produce good collateral circulation distally befoi e he ties 01 divides it 

Wc wish to thank Dr Rudolph Matas" for picsenting tlic preliminary report on this 
work, and Drs Mont Reid and Herman Pcarsc for their interest in it The microscopic 
sections were reviewed bv Dr Arnold Rich, of the Department of Pathology, for which 
we are very grateful 
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Discussion —Dr Harvey B Stone (Baltimoie, Md ) I do not know 
anything about this subject, but would like to say a word of appiobation and 
appreciation of this peifectly beautiful, long-continued, difficult work just pre- 
sented so sinceiely and convincingly by Doctoi Owings I cannot help but 
feel that he has made a very real contiibution to the whole question of the 
control of circulation by surgical means Wbether this particular procedure 
may be applicable to tbe human aoi ta or not, he has clearly designated a num- 
bei of principles, and he has introduced at least one or two conceptions of the 
mechanism necessary to be obseived m any sucb pioceduie So far as I 
know, no one else has called attention to the fact that the division of an 
occluded vessel may defeat the purpose of the experiment by releasing the 
upper pioximal stump and permitting kinking of the vessels that cany on the 
collateral circulation, and if there were no othei contribution than this I think 
that would be veiy valuable 

I have been following his work foi a number of yeai s and can assui e you 
there has never been a moie honest and smceie and painstaking piece of 
scientific investigation 

Dr Barney Brooks (Nashville, Tenn ) The experience of Doctor Gage 
demonstiates again the unceitamty of the obstruction of a large artery by liga- 
tion in continuity In a case I reported some 20 years ago, 111 which the aorta 
was completely occluded, aftei ligation m continuity proximal to a large aortic 
aneuiysm, I believe we were correct in ascribing tbe success of the ligation 
in appaieiit continuity to the fact that the ligation was not m reality m con- 
tinuity, because m the dilatation of the aneurysmal sac, both common iliac 
aiteries had been obhteiated and we Aveie, therefore, dealing with what 
amounted to a terminal aneurysm 

The papei of Doctoi Owings is a beautiful demonstration of a quality, 
unfortunately, not frequently found among medical investigators, particularly 
surgeons His paper is m sharp contrast to those frequently heard 111 Avhich 
the lesults of operation aie leported much too soon to be of lasting value 
Doctor Owmgs has demonstiated jemarkable ability to cairy on a single 
experiment, not foi bouis, days or Aveeks, but for years For this sort of 
iiiA estigation he is to be commended 

The fact that he found hypertension after ligation of tbe aoita is opposite 
to the lesulls Avhich A\e obtained and published seA'eral years ago In our 
expel iments hoA\evei, the hgatuie A\as placed distal to the renal arteries In 
his expei iments, the hgatuie is pioximal to the lenal arteries, and I AAonder if 
the liApertension aaIucIi dcA'cloped AAas not m leality because of tbe influence 
upon the lenal cii dilation similai to that produced b} tbe Goldblatt clamp 
Also. I would like to point out that he spoke simpU of “blood pressure" 
I should like to call attention to the fact that numerous iiaa estigators, par- 
ticulaih AAorkers on shock and In pei tension, apparently measure onh mean 
01 sAstohe piessure One is not alwaAs sure AAhich of these is meant, and in 
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reality “blood piessuie” is only significant when both systolic and diastolic 
piessuies are measured 

Dr James C Owings (Baltimoie, Md , closing) In answer to Doctor 
Biooks’ question, I wish to say that all the piessures repoited were systolic 
They weie taken by inseiting a small needle, connected diiectly to a meicury 
manometer, into the lumen of the vessel It would have been better, of course, 
to have lecoided systolic, diastolic, and mean piessuies If we do further 
work we shall obtain all thiee The pioduction of hypei tension m the upper 
segment is probably on the basis that Doctor Biooks suggested, that is, due to 
anemia of the kidneys pioduced by constriction of the aoita, giving the same 
effect as Goldblatt obtained by piessuie on the lenal arteries However, 
kidney function was noimal and micioscopic sections of the kidneys showed 
no change in the tissue m spite of the fact that the piessure in the upper 
segments was still high at the time the animals weie saciificed 

Doctoi Piioleau asked what happened to the rubber bands Nothing 
happens to them except that they tend to migiate thiough the wall of the 
aorta as the layers of the vessel wall aie destroyed by pressure and are re- 
placed by scar tissue aiound the outside of the band If the scar tissue does 
not develop fast enough, the bands ma}' cut tbiough and cause the death of 
the animal by hemoiihage The lubbei maintains its elasticity 

Finally, it is well to lemembei that m ligating the aoila two ligatures 
must be used and applied some distance apart The vessel nail between the 
ligatures must be ciushed m ordei to piomote tbiombosis and latei fibrosis 
If this IS not done the lumen of the vessel will be i eestablished as the ligatuies 
cause atrophy of the vessel wall 

Dr Mims Gage (New Orleans, La, closing) I would like to congratu- 
late Doctoi Owings on his excellent scientific presentation It is the fiist time 
that gradual occlusion, with subsequent obhteiation, of the aoita has been 
accomplished in the experimental animal However, I should like to make it 
very clear that one cannot compare the dog’s aoi ta to the human aorta The 
dog’s aorta is only compaiable in size to the external iliac arteiy of the human, 
which lattei arteiy can be ligated with compaiative safety The thoiacic aoita 
IS diffeient because vital function of both the kidneys and gastio-intestmal 
tract is dependent upon its potency Therefoie, sudden occlusion of the 
thoracic aoita by hgatuie usually ends in disastei, either at the site of the liga- 
ture, or more likely in complete suppiession of functions of both kidney and 
intestinal tract 

By the method of gradual occlusion, as demonstiated by Doctor Owings, 
the functional capacity of the anatomic organs is maintained by the develop- 
ment of an adequate collateial circulation I do not believe that sudden occlu- 
sion of the abdominal aoita by cotton tape will lesult m peimanent obliteration 
of the lumen All cases that have suivn'^ed ligation with tape have demon- 
strated, both clinically and at autopsy, that the lumen has been paitially re- 
stored The aluminum band cannot be used on the human aorta for the 
purpose of eithei giadual or sudden occlusion because it will alwa3^s cut 
through, resulting in fatal hemorrhage Therefore, if we can giadually occlude 
the aorta to a naiiow tube by the method presented by Doctoi Owings, we 
then can ligate the diminished aoita with success The aorta will then be 
permanently obliterated 

Doctor Matas lecently told me that he thought Doctoi Owings’ method of 
gradual occlusion was one of the gieatest surgical conti ibutions to surgery of 
the thoracic aoita As the method has not been tiied on the human aorta, 
we will have to wait before passing judgment on its clinical applicability 
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BEVIEW OF SEVENTY-ONE CASES 

Haery J Warthen, MD 

Richmond, Va 

FROM TUF DFP\RTUENT OF SURGFRI, \IBDIC\1. COLLEGF OF -MROINI^, RICHMOND, \ I 

In discussing gas gangrene, seveial vanable factois must be consideied 
The incidence and, to a lesser extent, the virulence appear to vary with time 
and locality 

Gas gangrene was lelatively unknown dm mg the Civil War, and Keen^ 
did not see a gas infection dm mg his entiie service On the othei hand, the 
tiench warfare of Woild Wai I offeied optimum conditions for the develop- 
ment of gas gangiene, and Tayloi- demonstrated the Welch bacillus m 70 per 
cent of wounds cultuied dining this peiiod Thus far there have been few 
cases reported during the piesent war 

When we turn to civil life, we find this same variation m incidence m 
diffeient paits of the country While theie has been a definite increase m gas 
gangrene during the past 15 yeais, probably due largely to the increased 
number of automobile accidents, this inciease has been more evident along the 
Eastein seaboard than m the deep South 01 middle West The State of Vii- 
ginia is in the unenviable position of leporting more cases of civil gas gangrene 
than any other locality of compaiable population 

In 1900, Welch^ was able to collect only 46 cases of proven gas bacillus 
infections and 14 of these were repoited abioad Dm mg the past ten years 
almost twice this number of cases have been seen 111 the Medical College of 
Viiginia Hospitals alone In 1926, Bellevue HospitaB reported one case of 
gas gangrene for every 7,310 admissions During the past decade, one out of 
every 1,342 admissions at the Medical College of Virginia Hospitals had gas 
gangiene on admission 01 developed it during the hospital stay Newell,^ of 
Chattanooga, on the other hand, found only five gas infections m more than 
42,000 tiaumatic cases during the past 21 years He suggests that “porous, 
sandy, hilly soil does not haibor oiganisms as does flat country” Whatevei 
the cause, it is inteiestmg to note that the incidence of gas gangrene at the 
Uiinersity of Viigmia Hospital is almost identical with that at the Medical 
College of V irginia 

The leported moitahty fiom this condition has been more constant One 
thousand, tliiee bundled and eighty-nine cases occuned in the American 
Expeditionaiy Foice, with 674 deaths, a moitahty of 48 5 per cent " 

Ghoiinley,® m 1935, lepoited 33 cases occuiiing at the Ma}o Clinic, with 
a mortality of 42 5 per cent 

Callender* and his associates collected 109 cases encounteied at the San 
Fiancisco Hospital from 1919 to 1936 vith a moitalit} of 51 8 per cent He 
also repoited 12 subsequent cases treated with 1 oentgenotherapy, Mitli only 

* Read before the Southern Surgical Association, Pinehurst, N C , December o-l i 
1941 ’ 
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one death, but stated he was omitting seveial othei fatal cases fiom this latter 
series because of matked aitenosclerosis 

Maes’-® lecently leviewed 73 cases of gas gangiene tieated in the Chai- 
ity Hospital in New Oilcans dining the past ten yeais, with a moitahty of 
384 per cent Dunng this same peiiod 341 cases of tetanus were seen in 
the Charity Hospital Tetanus is larely seen in Virginia, and no instance 
of this infection occurred in conjunction with gas gangrene 

The lowest mortality reported w'as that of Kelly, Dowell, Russum and 
Cohen,” who collected a series of 132 cases treated by 1 oentgenotherapy, wnth 
only 15 deaths, a mortality of ii 3 pei cent A careful review' of this article, 
howevei, shows that ten additional cases, mentioned at the onset, are not 
included in the final tabulation, and if they, too, were unfavorable cases, the 
mortality would be consideiably increased 

A further draw'back in this senes w'as the method used 111 gathering this 
data The 142 cases w'ere leported by about 100 physicians, and thus repre- 
sent an average of less than tw'O cases per physician This is hardly a fair 
basis of comparison To digress further for a moment, a compaiison should 
be made between the type of gas gangrene seen in V irginia and that reported 
111 this article Doctor Kelly states that a patient who receives roentgeno- 
therapy during the fiist 24 houis aftei the infection is recognized as an “early 
case,” and 100 per cent of these patients should recover It has been our 
unpleasant experience to have patients die wntliin less than 24 hours after 
the infection was recognized clinically He also states that a patient with 
gas gangrene should receive two roentgen ray treatments daily for three or 
possibly five days, and that one who has not leceived this amount of radia- 
tion has not been pioperly treated We have found that a patient who sur- 
vives 72 houis IS usually w'dl along the load to recovery, for most of oui 
fatalities occurred within the first three days These facts are mentioned 111 
order to bung out a point that has been raised by others, namely, that Doc- 
tor Kelly may be treating a less viiulent type of gas gangrene in the middle 
West than that encountered m the East 

A source of error in comparing mortality followung different types of 
treatment has been the tendency of some authors to omit certain cases 
from their tabulations This is particularly noticeable wdien some special 
mode of therapy is advocated It is not uncommon, for example, to find 
patients who were moribund on admission, who had preexisting gangrene, 
marked arteriosclerosis, diabetes or so-called “gas infections” omitted for the 
summary, and thus a misleading impiession may be given concerning the 
actual mortality 

With this thought in mind, a study has been made of all cases of gas 
gangrene treated at the Medical College of Virginia Hospitals during the 
past ten years This period, fiom January i, 1931, through December 31, 
1940, was chosen, as it coincides with the present methods of diagnosis and 
filing charts All cases with a positive bactenologic diagnosis of C welchii, 
which also showed evidences of a gas infection, and all patients wuth unmis- 
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takable clinical oi autopsy evidence of this condition, were included in this 
study 

A study of this type is misleading in that some of these patients died of 
the associated injuries oi disease, and the gas infection was of secondary im- 
portance, or nonexistent, at the time of death It would be more misleading, 
however, to attempt to separate these cases, and I believe the gioss figures 
are of more worth in evaluating the vaiious types of tieatment 

Seventy-one cases of gas gangrene weie treated at the Medical College of 
Virginia Hospitals, and 21 died, a moitality of 309 per cent The number 
of cases has been remaikably constant — 36 dining the fiist five yeais, and 
35 during the last five yeais The moitality, howevei, has increased, only 
eight patients died duiiiig the first five yeais, whereas 14 died during the 
second corresponding period This was an increase of 75 per cent, despite 
the employment of additional therapeutic measures duiing this latter period 
The treatment during this decade corresponded to that followed generally, 
with the exception that prophylactic perfringens antitoxin was pi obably given 
more freely here than elsewhere, and sulfanilamide was used locally very early 
at the Medical College of Virginia Hospitals 

In 1931, nine cases of gas gangrene of the extremities were treated, 
chiefly by amputation and without perfringens antitoxin, only one patient 
died, a mortality of ii per cent 

During the next four years, a prophylactic dose of perfringens antitoxin 
was usually administered to the traumatic cases, and large doses of antitoxin 
were given therapeutically Debridements were performed more frequently 
than amputations Twenty-seven cases weie tieated, and seven died, a mor- 
tality of 26 per cent In fairness to this method, it should be stated that four 
of these deaths followed gas gangrene originating in the trunk If only the 
cases were included in which the gas gangrene originated in an extremity, 
the mortality would be exactly the same as m the first year of the tabula- 
tion, namely, ii per cent 

During the past five years, larger prophylactic and therapeutic doses of 
perfringens antitoxin were given Roentgenothei apy was utilized frequently 
both prophylactically and therapeutically, and dui mg the past two years many 
of these cases received sulfanilamide locally and generally, in addition to the 
usual surgical measures of debridement and amputation Despite the inten- 
sity of this treatment, the mortality has been disti essingly high — 35 cases 
were tieated, with 14 deaths, a mortality of 40 per cent Foui of the five 
cases with involvement of the trunk died Even if we omit these cases from 
our tabulation, the mortality from gas gangi ene of the extremities was 33 3 
per cent, or three times that of the coi responding infections dm mg the first 
five-year peiiod A careful search was made m an effort to explain this 
high moitality Some of these patients had associated injuries or disease, 
that viitually piecluded their recovery, but this was also true in our earlier 
cases A possible explanation, in part, is found in the age distribution m 
the tMo five-year series Only two patients were over age 60 in the first 
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KCsiJMf or CVSCb 



Pa- 







Anti- 



Days in 

Re- 

Year 

tient 

Race 

Set 

Age 

Cause 

Operation 

X-ray 

toxin 

Culture 

Hosp 

sult 

1931 

H S 

C 

M 

28 

Electrical burn 

Amputation 



C 

ivelchtt 

40 

Imp 

31 

C M 

C 

F 

S2 

Nail wound 

Amputation 



C 

vclchti 

14 

Imp 

31 

J W 

C 

M 

S 4 

Ulcer Diabetic 

Amputation 



C 

ivelchn 

96 

Imp 

31 

B J 

C 

M 

34 

Human bite 

Amputation 





14 

Imp 

31 

B S 

C 

M 

34 

Shotgun svound 

Amputation 



C 

tclrhit 

14 

Imp 

31 

N C 

C 

M 

52 

Comp fracture 

Amputation 





2 

Died 

31 

H C 

C 

M 

20 

Shotgun wound 

Debridement 



C 

welchu 

58 

Well 

31 

W T 

W 

M 

43 

Crushing injury 

Amputation 



C 

loclchn 

50 

Imp 

31 

J W 

C 

M 

49 

Comp fracture 

Amputation 





35 

Imp 

1932 

w r 

C 

M 

24 

Shotgun wound 

Dfbridement 


r& r 

C 

tcfc/in 

43 

Well 

32 

J c 

W 

M 

13 

Crushing' injury 

Dfbridement 


P&. 1 

C 

iclclin 

48 

Well 

32 

C M 

W 

M 

32 

Comp fracture 

Amput ition 


1 



28 

Imp 

32 

B B 

C 

r 

3 () 

lubo ovarian 

Drainage 


I 

C 

i.elchn 

36 

Died 






ibscess 








19! 5 

M B 

C 

F 

6 

Crushing injury 

Df.bridement 


Pii. I 

C 

lelchu 

21 

Well 

33 

J H 

C 

M 

42 

Shotgun wound 

Ddbridement 


PiLl 

C 

Lelchtt 

55 

Well 

3 ! 

J L 

C 

M 

25 

Stab wound 

Debridement 


1 

C 

ti el chit 

94 

Well 

!! 

N I 

c 

M 

16 

Comp fracture 

Debridement 


1 

C 

irClchit 

195 

Well 

19 54 

R B 

c 

M 

22 

Comp fracture 

Amputation 


P 4 L r 

C 

u el chit 

82 

Imp 

3 i 

J W 

c 

M 

32 

Shotgun wound 

Debridement 


P&l 

C 

ti cl chit 

54 

Well 

!! 

J M 

w 

M 

45 

Shotgun wound 

Debridement 


1 

C 

welchii 

44 

Well 

34 

E C 

w 

M 

33 

Crushing injury 

Debridement 


par 

c 

luelchti 

60 

Well 

i4 

G R 

w 

M 

47 

Comp fracture 

Debridement 


par 

c 

11 elchii 

3 

Died 

!i 

W A 

c 

M 

5 

Comp fracture 

Amputation 


paT 

c 

iielchii 

102 

Imp 

!l 

D F 

c 

M 

20 

Shotgun wound 

Dfibridement 


par 

c 

uilchit 

57 

W'ell 

i4 

E B 

c 

M 

10 

Comp fracture 

D 6 bridement 


r 

c 

oelchii 

150 

W'ell 

!V 

D S 

c 

M 

48 

Shotgun wound 

D 6 bridement 


Pi r 

c 

wclchti 

4 

Died 

3i 

E J 

c 

M 

28 

Perforated ulcer 

Incision and 


r 

c 

Welch 11 

7 

Died 







Drainage 







!i 

M L 

w 

F 

73 

Diabetic gan 

Post amputa- 



c 

wclchti 

3 

Died 






grene 

tion 







34 

F b 

c 

M 

39 

Perforated ap 

Incision and 


T 

c 

wclchti 

5 

Died 






pendit 

drainage 







'31 

B I 

w 

M 

33 

Embolic gan 

Amputation 


r 

c 

iclchtt 

44 

Imp 






grene 








I93S 

P G 

w 

M 

Oo 

Amputation for 

Debridement 


1 

c 

wilchii 

35 

Well 






cancer 








33 

J PI 

c 

M 

50 

Crushing injury 

Debridement 


P& T 

c 

wclchti 

18 

Well 

33 

B W 

w 

M 

21 

Shotgun wound 

D 6 bridement 


P &. T 

c 

wclchti 

U 

Well 

33 

r M 

c 

M 

65 

Diabetic gan- 

Post amputa- 


p 



8 

Died 






grene 

tion 

Debridement 







33 

J B 

c 

M 

16 

Shotgun wound 

Amputation 


P &. T 



122 

Imp 

33 

E R 

c 

P 

36 

Infected incision 

Drainage 


r 



6 

Died 

1036 

W R 

c 

M 

19 

Stab wound artery Amputation 


T 



59 

Imp 

36 

C P 

w 

M 

24 

Comp fracture 

Amputation 


PiLT 

c 

welch It 

55 

Imp 

36 

H V 

w 

M 

40 

Thrombosis 

Amputation 


T 



17 

Died 






artery 








'36 

S T 

c 

M 

72 

Shotgun wound 

Amputation 


p 



24 

Imp 

36 

T C 

c 

M 

64 

Amputation gan- 

D 6 bndement 


r 



13 

Died 






grene 








36 

G H 

w 

M 

49 

Amputation 
Buerger s 

Reamputation 

+ 

T 

c 

wclchti 

48 

Imp 

36 

J F 

c 

M 

32 

Comp fracture 

Amputation 

+ 

par 



29 

Imp 

36 

W A 

c 

M 

35 

Shotgun wound 

Amputation 


par 



42 

Imp 

1937 

E G 

c 

M 

10 

Comp fracture 

Amputation 

1 

par 



49 

Imp 

37 

C D 

w 

M 

23 

Gun shot wound 

Amputation 


T 



31 

Imp 

37 

E M 

c 

M 

26 

Comp fracture 

Sulfanilamide 

Ddbndement 

+ 

P &. T 



59 

Well 
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Pa- 







Anti- 

Days in 

Re- 

Year 

tient 

Race 

Sex 

Age 

Cause 

Operation 

X-ray 

toxin Culture 

Hosp 

sult 

’37 

C B 

C 

M 

19 

Traumatic am- 

Ddbndement 


T 

52 

Imp 





putation 





Died 

37 

E S 

W 

M 

34 

Shotgun wound 

D6bridement 

+ 

P&T 

2 

1938 

A B 

C 

M 

67 

Infected burns 

Bilateral am- 


T C welchn 

5 

Died 






putation 





’38 

G M 

W 

M 

62 

Comp fracture 

Amputation 

+ 

1 C ivelcittt 

166 

Imp 

38 

M S 

c 

M 

22 

Bilateral gan- 

Bilateral am- 


T 

8 

Died 






grene 

putation 




Died 

38 

L S 


M 

20 

Comp fracture 

Sulfanilamide 

Dfebndement 


P & T C ivelchii 

3 


38 

J B 

c 

M 

3S 

Shotgun wound 

Sulfanilamide 

Debridement 


P& T 

6 

Died 

1939 

E G 

c 

M 

34 

Comp fracture 

Amputation 

-h 

P & T C ivehhn 

13 

Died 

39 

T S 

w 

M 

63 

Comp fracture 



P C welchn 

2 

Died 

39 

W B 

c 

M 

17 

Shotgun wound 

Sulfanilamide 

Debridement 

+ 

P 1 

117 

Well 

39 

W W 

c 

M 

30 

Comp fracture 

Sulfanilamide 

Drainage 

+ 

P & T C welchn 

190 

Well 

'39 

C H 

c 

M 

27 

Perforated ulcer 

Sulfanilamide 


P C welchn 

6 

Died 

39 

H B 

c 

M 

17 

Shotgun wound 

Incision and 

-i- 

P S, T C welchn 

10 

Died 







drainage 





39 

L P 

w 

M 

37 

Comp fracture 

Amputation 

-b 

P T C welchtt 

102 

Imp 

39 

G C 

w 

F 

26 

Comp fracture 

Sulfanilamide 

Amputation 

-b 

P & T C welchn 

56 

Imp 

39 

H M 

w 

M 

37 

Traumatic gan- 

Amputation 

+ 

T 

153 

Imp 






grene 






194° 

L W 

c 

F 

31 

Traumatic gan- 

Amputation 

+ 

P & T C welchn 

34 

Imp 






grene 

Sulfanilamide 





40 

D B 

w 

M 

4S 

Comp fracture 

Sulfanilamide 


P &. T C welchn 

77 

Imp 







Amputation 





40 

N P 

c 

M 

33 

Crushing injury 

Sulfanilamide 

+ 

T C welchn 

4 

Died 

40 

A B 

w 

F 

65 

Hypodermic 

Debridement 

-b 

T C welchn 

35 

Died 

40 

H C 

c 

M 

64 

Bilateral gan- 

Amputation 

+ 

T C welchn 

2 

Died 






grene 






40 

L F 

c 

M 

18 

Comp fracture 

Sulfanilamide 

Amputation 


P&T 

33 

Imp 

40 

C J 

w 

M 

16 

Comp fracture 

Sulfanilamide 

Debridement 

+ 

P &. T C welchn 

70 

Imp 

'40 

E B 

c 

M 

26 

Shotgun wound 

Sulfanilamide 

Drainage 


P &- T C welchn 

52 

Imp 


Ke\ P = Prophylactic 
T = Therapeutic 

Well “Recovery without loss of extremity 
Imp “Recovery with loss of extremity 

senes, while seven patients over age 6o were found in the second period 
The mortality for all patients past age 6o was 77 7 pei cent A second, and 
more distuibing explanation may be that the intioduction of chemotherapy 
m some instances may have beguiled the surgeon into a false sense of secu- 
rity and he may have relaxed, unconsciously, in his effort to perform a thor- 
ough debridement of lecent wounds 

A study has been made of the various preventive and curative measures 
used in the tieatment of gas gangrene at the Medical College of Virginia 
The various types of treatment will, of necessity, be considered separately, 
although they were usually used in conjunction with other forms of therapy 
Thirty-seven patients who subsequently dei^eloped gas gangrene received 
perfimgens antitoxin pi ophylactically — ten died, a mortality of 27 per cent 
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Thirty-foui patients who had not leceived peifiingens antitoxin prophylac- 
tically developed gas gangiene, and 12 died, a inoitahty of 35 5 per cent 
Superficially, this would appeal to indicate that gas gangiene lan a milder 
couise and was more amenable to lieatment if antitoxin was given pi 101 to 
the clinical onset of the infection Two facts aigue against this inteipieta- 
tion The patient wdio did not 1 eceive pei fi ingens antitoxin as a pi ophylactic 
measure was usually eithei admitted after the onset of gas gangrene 01 the 
possibility of gas gangiene was not consideied until the infection w^as evi- 
dent, and sometimes advanced The patient who developed unsuspected gas 
gangrene, as a rule, had a seiious associated condition, such as diabetes, a 
pieexisting gangrene, 01 a peiforation of the gastio-intestmal tract 

A second method of evaluating the value of perfnngens antitoxin may be 
found m the vaiious numbers of units given m this senes Nineteen patients 
were given the so-called pi ophylactic dose of perfnngens antitoxin, wdiich 
lepresented 1,000, 1,500, 01 2,000 units, depending upon the makei and the 
method of standaidization (aveiage dose was 1,579 U) The mortality in 
these cases was 26 3 pei cent On the theory that if a small prophylactic dose 
was beneficial, a laigei dose should be moie helpful, our routine w'as then 
changed and a therapeutic dose of 10,000 units, or moie, w^as given as a 
prophylactic measure to 17 cases Five patients also died in this series, a 
mortality of 29 4 pei cent In othei w'ords, the moi tality w^as slightly higher 
after a laige prophylactic dose than aftei a small one Twm patients leceived 
30,000 units, or 15 times the recommended prophylactic dose, and both devel- 
oped gas gangrene, with death 111 one case 

Unfoitunately, data aie not available concerning the total number of pa- 
tients wdio received perfnngens antitoxin propliylacticall}^ m terms of the num- 
ber who later developed gas gangi ene, but the above figui es ai ouse doubt as to 
the value of antitoxin as a pieventive measuie Pursuing this thought fui- 
thei, it IS hard to see how^ a massive infection could be cuied by antitoxin 
given theiapeutically if a prophylactic injection of antitoxin could not pie- 
vent the infection at its inception 

Fifty-seven patients leceived an average of 31,560 units of perfnngens 
antitoxin theiapeutically, and 17 died, a moi tality of 309 pei cent 

Twelve patients leceived sulfanilamide locally as a piecautionaiy measure, 
or orally as a theiapeutic pioceduie, and foui died, 01 33 3 per cent 

Eighteen patients leceived 1 oentgenotherapy as a prophylactic and/01 
therapeutic measuie, and six died, again, a moi tality of 333 pei cent En- 
coui aging, howevei, is the fact that 35 patients weie given roentgenothei apy 
prophylactically who failed to develop gas gangiene 

The operative theiapy fell naturally into two gioups, namely, amputation 
of involved extremities, 01 debridement, with excision of infected muscle 
bundles Thirty-six limbs were amputated with six deaths, wuth a mortality 
of 182 per cent Twenty-eight debiidements were uiidei taken, with eight 
deaths, a mortality of 28 5 per cent 
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To summarize, the following prophylactic and therapeutic procedures weie 
used m the treatment of gas gangrene, with the indicated mortality 


Roentgenotherapy (prophylactic and/or therapeutic) 33 3% 

Therapeutic perfrmgens antitoxin 30 9% 

Sulfanilamide (.locally and/or generally) 30 8% 

Prophylactic (10 000 U ) perfnngens antitoxin 29 3% 

D6bndement 28 S% 

Prophylactic (r,ooo-a,ooo U ) perfrmgens antitoxin 26 3% 

Amputation 18 2% 


Despite this inconclusive evidence, we have felt it necessaiy to formulate 
a uniform method for ti eating these cases, and the following outline, based 
on our expeiience and that of others, has been evolved 

In addition to the usual care that all tiaumatic cases should receive, eveiy 
case m which the deep fascia is penetrated is considered a potential gas bacil- 
lus infection and tieated accordingly This includes a painstaking clean-up 
with sterile water, green soap and shaving, followed by ether, iodine, and 
alcohol The operative field is draped, and a purposeful debridement is 
undertaken No nonessential tissue that has been exposed by the injury is 
permitted to lemain It is imperative that the full extent of the wound be 
determined and explored The under suiface of the extremity must be in- 
spected foi additional injuries or wounds of exit All foreign material and 
devitalized bone is, of necessity, sought and removed The original instru- 
ments are discarded 

Muscle removed from the wound should be cultured for gas organisms 
I cannot leave this phase of the tieatment without emphasizing again the 
impoitance of the debridement Ultimate success or failure hinges more 
upon this than any other aspect of the theiapy A copious warm normal 
saline iingation is then used, care being taken that all parts of the wound 
aie flooded with solution After ligating all bleeding points, lo Gm of sul- 
fanilamide crystals are placed in the wound if the incision is to be closed 
Twice this amount may be used if the incision is to be packed open Cor- 
respondingly smaller amounts should be used m children The decision as to 
whether the incision should be closed rests upon so many considerations that 
I shall only say that if the edges cannot be approximated without tension, or 
if a dead space remains, the wound is left open, with an abundant gauze pack 
If a fiacture is piesent oi if the wound is near a joint, the part is immobilized 
by an adequate plastei encasement Fifteen hundred units of tetanus anti- 
toxin are injected A piophylactic or therapeutic dose of perfrmgens anti- 
toxin may be given, if the operatoi has faith in this agent If there is any 
impairment of the ciiculatioii to the part, a sympathetic novocain injection 
should be given Henryk- does this routinely m all potential cases of gas 
gangrene 

As soon as possible, on the day of opeiation, a postoperative roentgeno- 
gram IS taken This checks the position of the fragments if a fracture is 
present, and serves as a standaid foi compaiison when later roentgenograms 
are made to deteimine if gas is piesent m the tissues A piophylactic roentgen 
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lay tieatment, as outlined by Kelly/^ should also be given to the involved 
aiea at this time Twelve houis latei, another film is made to determine if 
gas has inci eased m the damaged area, and a second piophylactic roentgen 
lay treatment should be given A thud loentgenogiam, made 24 hours after 
the injuiy, will definitely deteimme if a gas infection is present If this is 
negative, theie is little likelihood that gas gangiene will occui Six grams 
of sulfanilamide, or sulfathia/ole, should he given daily foi the first 48 or 72 
hours during this piohationaiy peiiod The clinical signs and symptoms 
meanwhile should not he neglected, and excessive pain, swelling, tachycardia, 
discoloration, 01 crepitus should point to a gas infection The loentgenologic 
diagnosis, howevei, can and should he made hefoie these changes are evident 
If gas gangrene develops, an immmediate dehiidement, 01 open amputation, 
should be performed, depending upon the degree of involvement and the 
state of the circulation distal to the infection Roentgenotherapy and the sul- 
fonamides should be continued An eiythiocyte count and hemoglobin deter- 
mination should he made daily, followed by blood tiansfusions as indicated 
for these patients fiequently develop a lapid and seveie secondary anemia 
An electiocardiogiam should he made hefoie the patient leaves the hospital, 
for seveie inyocaidial damage has been repoited following gas infection 
In the above tieatment an attempt has been made to combine the best 
elements m oui own expei lence w ith those suggestions, made by others, that 
seem to offer the greatest likelihood of success While it is too early to 
diaw any conclusions as to its ultimate woith, ve feel encouiaged and jus- 
tified m continuing this method 


CONCLUSIONS 

The incidence of gas gangiene continues high in Yiigmia, despite active 
measuies diiected towaid its pievention 

No single agent or diug has pioved specific in ti eating this condition 
In our experience peifrmgens antitoxin has been disappointing both pro- 
phylactically and therapeutically 

The introduction of the sulfonamides maj' have caused some opeiatois to 
be less caieful m then debiidement of wounds and this, m pait, may explain 
some of our lecent failuies m pi eventing and ti eating this condition 

In tiaumatic cases an eaily, painstaking debridement is of gieatei value 
than any other pioceduie 111 pi eventing gas gangiene 

We have been unable to evaluate the woith of piophylactic and thera- 
peutic 1 oentgenotherapy, but do feel that it is helpful as an eaily diagnostic 
measure 

A suggested method of treatment is offered 
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Discussion — Dr E Dunbar Newell (Chattanooga, Tenn ) I think 
this papei IS veiy timely In 1938, I read a paper on this subject befoie this 
Association, and at that time I said the leasoii I was doing so was because 
I had a case of gas gangiene, and I thought I was famihai with it at that 
time After I had this case, I read the literature and found I knew nothing 
about it 

There aie a few things to stiess distinctly The fiist is that the incidence of 
gas gangiene infection vanes maikedly in diffeient localities But that does 
not have anything to do with the piesent status, because we will most likely 
have a million men in other fields within a year, and we must consider that 
we will have gas gangiene infections following the soldiers Tieatment 
begins when you first see the patient Personally, I do not believe the mor- 
tality should be more than 5 01 10 pei cent, if adequate treatment is given 
at once — adequate debridement, piopei handling of the wound, and im- 
mobilization of the wound at once Prophylactic polyvalent antitoxin prob- 
ably does some good, but do not depend on it In a series from New Orleans, 
the mortality was less 111 the cases in which they gave prophylactic poly- 
valent antitoxin foi three days m succession 

To me the most important factor is the eaily diagnosis of gas gangrene 
infection That cannot be done by smears and cultures In evacuation hos- 
pitals in Fiance we found that practically all cultures showed the C zuelchn 
and othei oiganisms of that type As a matter of fact, only 60 to 65 per 
cent of those cases developed gas gangrene So positive cultuies and smears 
do not mean anything 

It is important to make an early diagnosis, and you must be more alert 
and nioie suspicious 111 making this diagnosis than were our foices m Hono- 
lulu 111 the present emergency The fiist thing you notice is pain at the site 
of the wound When you have a patient with a severely contaminated wound 
and he develops pain suddenly, look at the diessings, and if there is a 
sweetish-soui odor, a distinctive odor, and the wound looks a little puffy, 
and the pulse is high m proportion to the temperature, then take a roentgeno- 
giam, and if you see some gas bubbles in the wound, it is your duty to sus- 
pect at once that you have a gas gangrene infection, and polyvalent antitoxin 
should be given every four to ten hours in large doses 

Dr Mims Gage (New Orleans, La ) I would like to ask Doctor War- 
then if he has noted any seasonal vaiiation in his cases of gas gangiene In 
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New Oilcans we have found the incidence to be highei in the winter months 
This IS due to the pievalence of wool clothing which harbois the spores of 
C welchn In 1923-1924 and in 1932 we found that all wool clothing and 
blankets contained the spoies of C xvclchn The felt wads of shotgun shells 
also contained C zvclcJui spoies in 100 per cent of those cultured We were 
able to pioduce gas gangiene in the experimental animal (rabbit) by insert- 
ing pieces of wool cloth and pieces of wads fiom shotgun shells into the 
traumatized muscles of the labbit’s thigh The pioduction of gas in the 
tissues was followed b}' loentgenogiaphic visualization In a number of the 
animals the wound was luptured the gas pressuie Therefore, we have 
believed that bits of wool clothing and v adding from shotgun shells driven 
into muscle tissue weie lesponsible foi the development of gas gangrene in 
a high peicentage of civil cases This of course would be gieatly augmented 
in war 

The development of gas bacillus infection is dependent upon the presence 
of devitalized muscle to act as a culture medium Therefore, one must first 
have muscle injury lesulting in devitalization of muscle tissue This occurs 
when the blood supply has been desti03'ed to a ceitain portion or portions 
of a single muscle or a group of muscles There aie certain vulnerable areas 
m which theie is onlj'^ one blood supply to the muscles of the lower extrem- 
ity — fiist, the calf muscles, next, the gluteal region, and third, the thigh 
In these areas, if the mam aitery is seveied, tiaumatized 01 segmentally be- 
comes spastic, large aieas of muscle tissue immediately become ischemic, and 
the gas bacillus readily and rapidlv invades and pioduces massive gangrene 

If we can eliminate all devitalized muscle, we can prevent the develop- 
ment of gas gangrene Theiefoie, I have taught for years that gas bacillus 
infection is a pieventable disease However, it is so only when the surgeon 
has a thoiough knowledge and practical appieciabihty of debridement A good 
debiidement is ceitamly moie difficult of execution than is gastrectomy or 
colectomy If one fails to remove all devitalized muscle by debridement, then 
he has not performed a debridement and the development of gas gangrene fre- 
quently takes place 

The use of the sulfonamides m the wounds aftei debridement seems to act 
as a protective and pieventive measuie I believe that its effect is mainly by 
producing internal washing away of contaminating anaeiobic oiganisms and 
coffer-damming the tissue by cellulai infiltiation This pi events tissue de- 
struction by the toxins as well as invasion of the tissues by the organisms 

The use of loentgenotheiapy is of no benefit as legaids specific effect on 
the organisms of the Clostudmm group, and I believe it is of no value in 
tieatment of gas gangiene I smceiely believe that with a thorough knowl- 
edge of the bacteriology of gas gangiene, the suigical principles of debride- 
ment, with mechanical cleansing from both without and fiom within, will, 
in the majority of cases, prevent the development of gas gangrene If infec- 
tion has occurred, then it can be minimized 01 stopped by both suigical exci- 
sion and local chemotheiapy Howevei, in those cases where many muscles 
are involved (group 01 massive gas gangiene), amputation will be the 
pioceduie of choice We must not expect too much fiom chemotheiapy and 
should nevei subjugate surgical principles to cbemothei apy, but combine both 
in an intelligent mannei 

Dr W O Bullock (Lexington, Ky ) Refenmg to the paper given 
by Doctoi Fiioi this moimng, I noted that sulfasuxidine 111 the intestinal 
tiact seemed to possess a selective action against anaeiobic oiganisms It is not 
impiobable that this selectn^e action may occur 01 may take place elsewhcie 
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in the body against the anaeiobic geims lesponsible foi gas gangrene, and it 
may well be that m this chug we may have the ansuei to this distressing 
problem 

Dr Howard M Clutk (Boston, Mass ) Seveie gas gangiene infections 
are most fiequently seen m crushing injuries of the extremities It is true, 
howevei, that infection with C welcliu has m lare instances followed every 
type of suigical opeiation on the abdomen I have, m lecent years, obseived 
three cases, one patient had ruptuie of the liver with a simple fiacture of 
the ribs, and died of overwhelming gas bacillus infection , the others followed 
cecostomy and large bowel resection Each of these recovered following large 
doses of antitoxin 

It IS well known that C wdchix inhabits the intestinal tract of most 
people If obstruction of the bowel occuis, wnth the resultant tissue anoxemia, 
the stage is set for these oiganisms It is astonishing that more such infec- 
tions do not occur m patients with bowel obstruction 

I want to emphasize what Doctoi New^ell said, with particular reference 
to abdominal wounds The successful tieatment is largely dependent on 
early recognition and immediate tieatment The signs are rapid rise of pulse 
and temperature, and especially pain m the wound, a copper-red color of the 
skin, and gas m the tissues, which you can hear wuth the stethoscope as early 
as you can find it roentgenologically Smears and cultures confirm the diag- 
nosis, but wdiile waiting for these, active treatment should be undertaken 
With gas bacillus antitoxin alone, both oui cases with infections of the ab- 
dominal w^all recovered I have no doubt that to-day we would give sulfanila- 
mide, but w^e w'ould use antitoxin as well It seems to me that in gas bacillus 
infections more than in any other condition, the surgeon’s diagnostic acumen 
IS the important factoi in determining the outcome 

Dr Julian K Quattlebaum (Savannah, Ga ) I wish to express my 
appreciation for the privilege of discussing Doctor AVarthen’s paper It is 
my impression that the frequency and virulence of gas bacillus infection cer- 
tainly varies in different localities It is not an infiequent occurrence in our 
section of the country, as I have had some 20 piivate cases during the past 
15 yeais AVe are inclined to associate gas bacillus infection with severe 
injuries and much damage to muscle tissue However, this infection can 
follow' a veiy trivial injury, and m such cases it usual!}' proves fatal 

I have had three cases which followed very minor injuries indeed The 
fiist w'as a physician who, having misplaced his cuff link, attempted to pm 
his cuff and punctured his wrist with the pm Almost immediately a severe 
infection occuired with great sw'elling of the arm, intense pain, fever and 
piostration We did not recognize this as being a case of gas bacillus infec- 
tion until the arm w'as opened a few' days later, then the typical odor, bubbles 
of gas and extensive necrosis of muscle established the diagnosis This case 
W'as interesting in that he had just taken a tub bath and his skin w’as cleaner 
than usual w'hen the accident occurred The patient refused amputation and 
the aim w'as thoroughly debrided, but he piomptly died It is unlikely that 
amputation of the arm w'ould have saved him 

The second case w'as a man w'ho dropped a stick of stove W'ood on his 
foot He was wearing his shoe at the time and the skin on the doisum of 
the foot was barely bioken AVithm six hours the man w'as desperately ill, 
with an area of neciosis, approximately 6 cm in diameter, surrounding the 
area of the injury The remainder of his foot w as livid A few' hours later 
the entire foot w’as gangrenous and the process had spread above the ankle 
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joint A midthigh amputation was performed, and death occuiied less than 
12 houis later 

The third case was a ten-year-old girl who was bitten high on the thigh 
by a red-hug The mother attempted to lemove the tiny bug with a needle 
Twelve hours latei this area was semmeciotic and the child was very ill 
The infection spread lapidly, involving the vulva, lower abdominal wall and 
the right leg above the knee Although massive doses of perfrmgens anti- 
toxin were given and extensive debridement undertaken, the fatal outcome 
was not long delayed 

It IS my opinion that cases of gas bacillus infection such as these are m- 
cuiable fiom the beginning Othei cases respond to tieatment and get well 
I have seen the infection stopped promptly and recovery take place follow- 
ing a shoulder joint amputation, when the gangrenous process was within a 
few inches of the joint itself At times the infection is limited to one muscle 
or a group of muscles, and is apparently confined by the muscle sheath, and 
can be cured by simply excising the involved muscles No doubt the shock 
of amputation has contiibuted to the fatal outcome in some cases and, cer- 
tainly, it will not always stop the advance of the infection However, if the 
infection is m a limb so badly ciushed or mangled as to greatly impair its 
usefulness should recovery be possible, I think immediate amputation is the 
treatment of choice The stump should be left open and negative cultures 
should be obtained before secondaiy closure is attempted, as recurrence m 
the closed stump has occurred ni my experience Roentgenothei apy and the 
sulfonamide diugs have been used in the treatment of practically everything 
else, and may be of value m the therapy of gas bacillus infection In this 
connection I am reminded of the man who, being notified of his mother-in- 
law’s death, was asked to advise udiethei she should be embalmed, buried 
or cremated He leplied “Take no chances, use all thiee’’ So m cases of 
genuine gas bacillus infection give it eveiything you have 

Dr Harry J Warthen (Richmond, Va , closing) The treatment we 
have followed since we have found oui moitahty was increasing was debiide- 
ment — thoiough debridement, painstaking debiidement In addition to that 
we use roentgenothei apy prophylactically We give the prophylactic dose 
recommended by Kelly Each time we give a ti eatment we take a roentgeno- 
gram of the aiea to see if there is inciease m the gas We feel that diagnosis 
can be made eailiei by i oentgenography than by any other method 

Doctor Gage asked about seasonal variation We looked for that, but m 
Virginia it seems to develop under any conditions and we could not find any- 
thing significant 
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Frederic W Bancroft, M D , 

Allen G Fuller, M D , 

AND 

Wilfred F Ruggiero, M D 
New York, N Y 

The senior author desnes to present two modifications of technic which 
have been instituted at the City Hospital, New Yoik, to i educe the moitahty 
in midthigh amputations foi eithei ai tei losclei otic oi diabetic gangrene 
These pioceduies aie Fust, the sleeve opeiation foi amputations above the 
knee, and, second, the lefiigeiation method of anesthesia 

No claim is made to any oiiginahty with eithei pioceduie, but it has been 
oui piivilege to watch and, to some extent, to paiticipate m these piocedures, 
and, tlieiefoie, we feel that a thoiough evaluation of the opeiative methods 
and the end-iesults may be made 

The City Hospital, New Yoik, leceives the pooiest iisk patients of the 
meti opohtan ai ea Ambulances of the vai lous city hospitals may take patients 
eithei to their own hospitals or to the Metropolitan oi City Hospital on Wel- 
faie Island Each of these two hospitals leceives on alternate days 

Theie aie two factois, theiefoie, that militate against good statistics Fie- 
quently an ambulance suigeon picks up an eldeily diabetic with gangiene, 
and, in oidei not to oveiciowd his own hospital, he takes this patient to Wel- 
fare Island The patient is usually a pool risk Secondly, it is difficult, or 
impossible, to have an adequate nursing staff at the City Hospital, because 
nurses object to living on the island This tends toward inadequate nursing 
of the sick patient 

We piopose to limit this discussion of amputations to those above the 
knee, as it is this gioup that pieseiits the highest moibidity and mortality 
figuies It is necessaiy, befoie stating oui moitahty, to piesent the condi- 
tions noted above, for it is unfaii to compare the results of these underfed, 
eldeily patients with the better economic- and age-groups in the voluntary hos- 
pitals In ordei not to cloud the issue, the figuies of the City Hospital senes 
will be the basis of this discussion 

Finley, m 1937, analyzed the senes of midthigh amputations at the City 
Hospital Theie weie 57 cases with 31 deaths, a moitahty of 544 pei cent 
hrom 1938 to 1941, theie weie 63 amputations with 39 deaths, a mortality 
of 62 per cent During these years theie was not a w ell-01 ganized peiipheral- 
vasciilai seivice, and many opeiators perfoimed many types of amputations, 
but the guillotine 01 the modified anterioi and postei 101 flap method was used 
the most frequently Thi ee yeai s ago the pei ipheral -vascular surgical group 

*Read before the Southern Surgical Association, Pinehurst, N C, December g-ii 
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was assigned to Dr Lyman Ciossman, and under his efficient direction prog- 
ress became immediately apparent 

The senior author has obseived the excellent results at the Veterans’ Hos- 
pital, where Fuller had worked out a modification of the Callender operation, 
with particular lefeience towaid preseiving the collateral superficial blood 
supply about the knee, and, second, the production of a well-padded stump 
adapted for an aitificial leg 

This operation was introduced at the City Hospital and has been adopted, 
with a few modifications, by the peripheral-vasculai service undei Crossman’s 
direction 

Following are the details of the technic as practiced by Fuller A circulai 
incision IS made at the level of the insertion of the patella tendon in the 
tubeicle of the tibia The skin and fascia aie incised in the primaiy incision, 
and, as they ai e incised they ai e held together by skin clips m order to prevent 
subcutaneous fat sepaiatmg fiom the fascial sheath This technic is carried 
out m the entire cii cumference of the extremity, completely dividing the fascial 
envelope and skin together The patella tendon is then transected above its 
insertion to the tibial tubeicle, following this the biceps tendon is cut near 
its insertion at the head of the fibula, exposfng the lateral bolder of the 
popliteal space If no tourniquet is used, the finger is inseited into the flooi 
of the popliteal space through the loose areolar tissues, and the vessels and 
nerves aie lifted from the flooi of this space A tape is passed around the 
vessels and tied securely The vessels are clamped distal to the tape and the 
vessels and nerves cut The lateial hamstiing tendons aie then transected 
A towel clip is then placed on the divided patella tendon and the anterior 
aspect of the flap is raised, i eveahng the ramifications of the quadriceps bursa 

From this point forward, all structuies are sleeved-out, using a Mayo dis- 
secting scissors and closely following the maigins of the femur With the 
index finger of the left hand, to guide the scissors, the fascial attachments 
along the epicondylar ridge and the femur itself are separated This coning- 
out process is carried out until all fascial attachments of the femur are freed 
to the desired level, preferably the junction of the middle wnth the lower 
third of the femur, well above the condyle The muscle is then protected 
either by moist towels or with a metal cuff, and a Gigli saw placed about the 
shaft of the femur The femur is then transected, the towel oi guard re- 
moved, and the entire skin and muscle allowed to drop back over the end of 
the femui At this stage the vessels which have been grasped earlier by the 
tape may be individually isolated, ligated and cut The sciatic neive is iden- 
tified, dissected upward, injected with alcohol, and ligated The patella is 
excised from the patellar tendon and the wound allow^ed to drop back to- 
gether The clips which join the fascia to the skin are lemoved, the fascia is 
loosely sutured, and, if there is no infection and no drainage is contemplated, 
the wound is loosely closed wath interrupted silk There is no tension 

Wheie refrigeration is employed it is unnecessary to place a tape about 
the vessels, as a tourniquet controls the bleeding 
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A small senes of cases was earned out with this method befoie the intro- 
duction of lefiigeiatiou Theie weie 13 patients opeiated upon with four 
deaths, a 1 eduction of the mortality to 33 4 pei cent Still a long way from 
the ideal' 

The pioblem of anesthesia has been a difficult one, with the aged and 
infiim type of cases at the City Hospital 

Fredeiick Allen had worked tirelessly in the expeiimental laboratoiy in- 
vestigating the use of low temperatures as a means of loweimg the local 
metabolic late to meet the diminished blood supply in the extremities in 
arterial disease, and, also, he had worked in testing out the anesthetic value 
of cold Allen showed that if a tourniquet is applied to a limb of the expeii- 
mental animal duiing 54 houis of refngeiation, with a skin tempeiature of 
approximately 5° C , the blood does not clot, the vessels do not suffer damage 
lesulting in subsequent thrombosis, and the skin and other tissues remain 
flesh and intact Paralysis and other neive injuries aie either prevented or 
minimized by cold 

The work of Allen -was confiimed by Barney Biooks and Geoige Duncan, 
who showed that lats’ tails, rendered completely anemic and refrigeiated, 
could survive more than 96 'hours, whereas if the teiiipei ature wei e 1 aised 
they succumbed much earlier 

Staige Davis showed, a number of yeais ago, that skin could be pieserved 
in an ice-box for several days and then utilized for skin grafting 

Allen believes that “Refrigeration of tissues has opened up several new 
avenues for study Basically, its action is to reduce metabolism to a point 
which IS just compatible with tissue viability Thus, m a leg with advanced 
aitenosclerosis, metabolism can be reduced to a level where the existing cir- 
culation IS adequate for the needs of the tissues It is possible in embolic 
blockage to preseive the tissues by cooling for a sufficient period to allow a 
collateral circulation to develop, and then gradually to increase the tempera- 
ture as the tissues can tolerate it Also if amputation becomes necessary it is 
undertaken through better nourished tissues 

“In the field of anesthesia, refrigeration introduces a fundamentally new 
concept ” Accoi ding to Allen “It produces an anesthesia of protoplasm 
instead of a nerve anesthesia ” This reduction of temperature produces in 
the tissues a physiologic blocking of nerve conduction Along with this, shock 
is apparently nonexistent, and the low temperature causes a marked inhibition 
of bacterial giowth and enzyme action 

Animal expeiimentation, as well as observation in human cases, has 
shown that cold prevents agglutinating processes such as are seen in the 
formation of fibrin between the surfaces of a sutured wound In this way 
drainage can be maintained in an amputation stump wound as long as is 
necessaiy and healing ^^lll begin only when the temperatuie has been allowed 
to return to normal ” 


With this experimental background, Allen and Ruggiero, under the stimu- 
lation of Lyman Crossman, decided to make the first comprehensive study of 
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refrigeration on human beings The fiist opeiation of this senes was pei- 
foimed, July 12, 1941, at the City Hospital A low thigh amputation was 
performed for artei losclerotic gangiene 

The technic, accoidmg to Ruggiero, is as follows “Two turns of a gum- 
rubber tourniquet (about one-half inch in diametei ) is secuiely placed six 01 
more inches above the level of the skin incision, and above the pioposed line 
of amputation through the bone, completely occluding all the vessels The 
area which is to receive the tourniquet is previously lefiigeiated foi about 
ten minutes with cracked ice Then two turns aie placed one on top of the 
othei and the tourniquet is fixed with a stiong clamp of the t3q)e of Kelly or 
plain Kochei Immediately aftei the application of the tourniquet the ex- 
tremity is immeised in a bucket of ice-watei and ciacked ice, for amputations 
of the foot and lower leg, foi amputations of the thigh, the extremity is 
packed in finely-cracked ice, with the patient lying m bed The ice is kept 
m place with a large rubber sheet It is of paramount impoitance that ice 
01 ice-watei extend above the tourniquet foi about two inches A low leg 
opeiation will lequiie about 25 pounds of ice, a low thigh will lequiie about 
50 pounds of ice 

“For amputations of the lowei leg or foot, immersion foi one and one-half 
houis IS sufficient to produce suigical anesthesia lasting up to one hour Foi 
amputations through the thigh, immeision foi two houis is sufficient 

“The patient is hi ought to the opeiating 100m with the extiemity in ice 
He may receive a small preopeiative dose of morphine sulphate, but this is 
usually unnecessary His oidinary eating routine need not be intenupted 
When the suigical team is ready the patient is placed on the table and his 
extremity unpacked from the ice The tourniquet is not lemoved The ex- 
tremity IS piepaied in the usual way and the suigeon pioceeds with the 
amputation Aftei the limb is lemoved and the large vessels are ligated, the 
tourniquet is removed, and other smallei bleedeis are ligated We have 
utilized the fine silk technic, avoiding undue trauma to tissues It is impel a- 
tive to use cold instiuments, and cold saline solution in the procedure We 
prefer the Gigli saw to the bone saw About half of the cases we have closed 
without drains In the face of definite infection the stump was either drained 
or left wide open 

“Postoperatively, the stump is giadually defiigeiated, with the use of ice- 
bags This time of defiigeiation depends upon the blood supply and the 
degiee of infection present In the presence of good blood supply the ice 
bags can be lemoved m 24 houis Infection increases the time of post- 
operative defi igeration 

“Discussion — With the method outlined, it is possible to secuie complete 
surgical anesthesia foi about one houi — sufficient to peiform any amputation 
Primal y union of the stump occuis Theie is no appreciable change in either 
the pulse or the blood pressuie, or of the respirations of the patient during 
1 efngeration, during the operative procedure, or postoperatively Immedi- 
ately after application of the tourniquet the patient may feel slight pain, but 
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this disappears within ten or 15 minutes after immeision in the ice The 
general diabetic status of the patient is not made woise It is possible to 
amputate through definitely infected areas The moitality and morbidity at 
the City Hospital using this method has been materially reduced ” 

Under the combined use of the sleeve-opei ation, plus refrigeration, the 
mortality was again halved, so that in a senes of 13 amputations theie were 
but two deaths, 01 a moitahty of 154 pei cent Both deaths weie due to 
emboli 

CONCLUSIONS 

The amputation, as devised by Ftillei, with the caieful protection of the 
superficial blood supply at the site of amputation, is well woith emphasizing 
If the fascia and skin are not united by clips in the dissection backwards the 
fascia may be stripped fiom the overlying fat We aie all aw’^are that the 
fascia receives its blood supply from the areolar tissue on its surface, and, 
therefoie, every effort should be made m the damaged vascular patient to 
pieserve this relationship By incising thiough tendons there is very little 
shock or postoperative hemorrhage, and by following the femur closely inside 
the muscle bundles theie is veiy little danger of the spiead of infection Fol- 
lownng the amputation the tissues drop together and are sutured wnthout an}'- 
tension The aitificial leg-maker at the Bronx Veterans’ Hospital, wdiich has 
one of the best orthopedic shops 111 the country, is confident that the best 
midthigh amputation stump is the one that bears "weight on the ischium and 
not on the end of the stump This bony stump should be at least eight inches 
long, as measured from the gi eater trochantei As the muscles contract, the 
incision is drawn posteiioily and a veiy thick muscle pad is left over the 
femur 

Refiigeration offers a choice of anesthesia in the aged and difficult-nsk 
patient, wdiich is a gieat advantage These cases do not show shock when 
allowed to return to the w'ard, and they aie usually hungry and are fed soon 
after operation Pam is relieved by keeping the ice bags about the stump 
w'lth a small but sufficient bandage over the incision One might anticipate 
that thrombi might occur in the long saphenous 01 femoial vein above the 
tourniquet during the period of tw o hours before operation, when the tourni- 
quet IS 111 place While tw'o of the deaths, noted in this gioup, were probably 
embolic in natuie, this is an embolic gioup, and it is haid to state whether 
this theoi etic concept is any factor, until a much lai gei sei les has been studied 
We have seen cases ivhere theie w'eie lymphatic streaks above the knee, 
wdiich healed pej ptiviam, so that the application of cold must have some 
inhibitory effect upon the growth of bacteiia in the tissues 

In amputations below the knee it has been possible, w ith the aid of refriger- 
ation to be moie consenative than has pieMOusly been the case Amputa- 
tions below the knee have not been discussed m this article because of the 
limitation of time, but 1 efi igei ation and a similar sleeve-operation, beginning 
just aboie the ankle, wnth a longitudinal extension over the fibula, so that the 
fibula may be excised higher than the tibia, have given very excellent results 
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The semol authoi sees, in the combination of a sleeve-opei ation and 
refngeiation, a leal advance in the tieatment of amputations in the difficult- 
iisk case Certainly, in oui evpeiience, it has done much to i educe tlie mor- 
tality and morbidity in diabetic gangiene amputations above the knee at the 
City Hospital 

Discussion — Dr W F Ruggiero (New Yoik, NY) 1 wish to thank 
the Association foi the piivilege of discussing Doctoi Bancroft’s papei As 
111 any new method of treatment, there are likely to be some misconceptions, 
and in this procedure one misconception is that most people think of it as a 
freezing method It is not freezing The temperature of ice is o° C It can 
only solidify water, and the skin and tissues are not plain water, they are 
primarily colloids and crystalloids in solution, with a freezing point below 
0° C Secondly, the ice is not in direct contact with the skin It is a film of 
water at o° C in contact with the skin, and freezing of skin and tissues, 
therefore, cannot take place In one case, after four houis of ice application, 
the temperatuie of the skin was 2° C 

Because this new method simplifies the suigery and inhibits infection, one 
IS likely to forget the fundamental suigical principles of handling tissues caie- 
fully and meticulously The silk used is No oo, and we only use No i silk 
for the mam vessels We do not use diainage except where theie is definite 
gross infection or areas of pus , then we leave it wide open 

The procedure has several other advantages If the patient is in poor gen- 
eral condition it is possible to halt the infectious and gangienous processes 
and bring him to a better geneial condition befoie opeiating Occasionally 
there is bilateial gangrene, and this method makes it possible to perform 
one amputation at a time, while halting the process in the othei leg It makes 
possible more conservative and lower amputations without jeopardizing the 
patient’s life The use of this method m tiaumatic injuiies will help to 
prevent gas gangrene and vaiious other infections that follow such injuries 

Dr Margaret Stanley Brown (New York, NY) I appreciate very 
much being given the courtesy of the flooi in order to discuss Doctor Ban- 
croft’s paper This work has interested me very much from its beginning 
I am quite frank to confess that I was “fiom Missouri” at first, as I could 
not see how this treatment could do what they claimed But after seeing it 
at first hand, and after carrying out the piocedure myself, I am equally frank 
m saying that I am “sold” on it 

What Doctor David said this morning about the need of adapting treat- 
ment to suit the type of patient handled, applies very well here The City 
Hospital patients come from the poorest possible social stratum They are 
in the upper age-bracket They live under poor hygiene, their nutrition is 
very deficient, and the majoiity have diabetes 

What the treatment does is literally to put them on ice and cool them 
down until they can be gotten into better condition With ice bags around 
the leg, the inflammation subsides and their toxicity diminishes They can 
be given fluids and a well-balanced, high vitamin diet Their diabetic status 
can be studied 

When ready for operation the refrigeration treatment offers an anesthesia 
free from shock, which is such a hazard to old people The condition of the 
patients on their return to the ward is excellent Many of them eat a large 
meal immediately after operation, and enjoy it Their postoperative course 
IS smooth and, while there are sometimes small areas of slough along the 
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suture line or in the fascia, there are none of the massive sloughs involving 
the entire stump 

I hope that some of you will have the satisfaction of following some of 
these cases, and I am sure you will agiee that the postoperation expiession 
on their faces tells the story far better than I can 

Dr Charles Venable (San Antonio, Texas) In 1924, I reported a 
series of cases on which a periarterial sympathectomy had been done m the 
early stage I made the observation that m diabetic gangrene the patients 
who had this done impioved, and gave us a selection of time for amputation 
and a healing stump that was better than any I have ever seen, and I have 
continued since then to do peiiarterial sympathectomy m these cases 

Dr Barney Brooks (Nashville. Tenn ) This report of Doctor Ban- 
cioft's, as well as those of other observers, concerning the advantage of 
refrigeration pi 101 to amputation of the extremities, is of gieat interest to me 
I must confess I have some difficulty in understanding how cooling of a part 
of a body which has been deprived of its circulation by the application of a 
tourniquet, and which is subsequently to be amputated, should exert any 
beneficial effect I believe it is also important to point out that our experi- 
ments have shown that 1 efrigeration has a very effective influence on the 
presei vation of the vitality of tissues deprived of circulation , but that although 
lefngeiation prevents the appearance of the usual manifestations of infection, 
after refrigei ation is discontinued, there is definite evidence that the destruc- 
tive effects of infection may actually be increased 

Dr Frederic W Bancroft (New York, N Y , closing) Refrigeration 
provides an anesthetic which is accompanied by very little shock Many of 
our patients were in the 70 and 80 age-group, and they were the neglected 
type of case They show very little shock at operation, and on being re- 
turned to the ward are allowed to eat If ice bags are employed over the 
dressing foi tliiee 01 four days postopei ative, we have not noticed necrosis 
There has been some delay m healing, and it is advisable not to remove the 
sutures befoie the twelfth day Some of these patients do have some tissue 
sloughing, but I have not been able to feel that it has anything to do with 
refngei ation It may be wise to suggest that the preoperative therapy is not 
actual fieezing, as the temperatures taken by skin thermometers show them 
to be about 5-10° C Wheie there is chopped ice there are air spaces which 
prevent the temperature fiom getting too low 
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FROM THE DEPARTMENT OF SURCIR^ UNI\ FRSITY Oh ROCHESTER SCIIOOI OF MFDICINF AVD DI- NTISTRY, 

ROCHESTER N 1 

Since Goidon-Tayloi and Wiles’s”’ complete study on interinnomino- 
abdominal amputation, new interest has been aioused in this therapeutic 
procedure Most suigeons have encounteied pathologic conditions involving 
the innominate bones oi uppei portions of the thigh and adjacent pelvis for 
which theiapy has been inadequate No suigeon, except Gordon-Tayloi, has 
had any experience of consequence in the undei taking of this formidable type 
of SLiigeiy Neveitheless, theie are times when such heroic measures offer 
the only possibility, at piesent, foi the lelief oi foi the eiadication of an other- 
wise impossible situation 

In a subsequent lepoit five yeais latei, Goidon-Tayloi*’ stated that he had 
peifoimed the operation six times duiing the intervening period bunging 
his expel lence to ii cases He mentioned that W H Ogilvie, Hairy Platt, 
Duncan Fitzwilliams and Giey Tuinei, among English suigeons, also had 
employed this opeiation successfully — some of them moie than once, and that 
Hams, of Toionto, and McCaw, of Aukland, had done it as well I could 
not find lepoits in the liteiatuie by these suigeons except m the case of 
Fitzwilliams® Consequently, as Goidon-Tayloi himself gave no refeiences 
in legaid to these opeiations, I assume that this statement was made from 
peisonal communications by them to him 

The liteiatuie from 1935 to date reveals that in addition to the six new 
cases of Gordon-Tayloi® theie have been possibly 12 otheis lepoited 

Biief accounts of these cases aie as follows 

Banet and Nobo l !Male age 27 Fibrosarcoma of loner end of left femur One transfusion 
Anesthesia not stated Operation — shock Transfusion Radiation therap> 1,000 r units Outcome 
not stated 

Fitrgerald ~ Male, age 13 Osteogenic sarcoma of right hip Spinal anesthesia One transfu 
Sion Out of the hospital nalking on crutches in 22 dajs No late report 

Fitzwilliams 3 Male, age 62 Rhahdomjosarcoma of lastus internus, with extension to gluteal 
legion Three transfusions Good recoaerj Up and about, oldest recorded patient to undergo this 
operation No late report 

Gersh 4 Male, age 60 Sarcoma uppei epiphasis and neck of femur Spinal anesthesia Good 
reco\er> Wound infected, extensile erjsipelas Two months seiere hemorrhage from wound After 
one month, death from cachexia Postmoitem Recurrence deep in wound, sacro ill ic joint, sjmphjsis 
pubis, peritoneum Hemoirhage from newlj foimcd aessels in tumor 

Leriche and Stulz Male age 33 Choiidi onij xoma of left thigh with extension to pelvis Ether 
plus procaine to nerves Good recover j Some of flip sloughed grafted, up on crutches in two and 
one half months, not quite healed 

Leriche and Stulz ** Male age 29 Ewings sucoiiia diffuse left feniui with spontaneous frac 
tuie Ether, plus piocaine infiltration Good recover j Healed and walking with crutches in three 
weeks 

Padovam 9 Male, age 18 Enormous tumor right pelvis — mveloma Ether, plus procaine to 

* Read before the Southern Surgical Association, Pinehurst, N C, December 9-11, 

1941 


628 




volume 115 INTERINNOMINO-ABDOMINAL AMPUTATION 

^ umber i 

nerves Two tiansfusions Normal healing General condition not improving since opeiition, 
anemia, etc 

Pascniis 10 Male, age 44 Osteosuconn left iliac region Spinal inestliesia and ether Trans 

fusion Patient died 

Rapant H Male, age 29 Recurrent osteogenic saiconn upper third of left femur Two trans 
fusions then spiml percaine anesthesia Patient gained weight postopei atively but metastasis occurred 
in right iliac bone 

Rapant n Mile, age 14 Osteogenic sarcoma of the left lemur Ether anesthesia Collapse 

Intravenous therapy Tiansfusion next daj Two weeks later was he decl 

Ricard and Clave! 1 - Male, age 36 Malignant tumor of upper end of femur Bad shape Re 
peated transfusions befoie operation General anesthesia Transfusion Good day following opeiation 
hut died m following night, suddenly 

Shvarts 13 Male, age 48 Periosteal sarcoma of the left hip Ether anesthesia Transfusion 
dm mg operation Drainage Patient died 27 days postoperative from reactivation of an old tuhei 
culous pulmonary lesion and septicemia The latter was due to necrosis at the seat of operition 



Pig I Case i Destructive lesion about hip joint with soft tissue 
mass laterally and medialh 


I should like to recoid four causes in which intennnomino-abdominal 
amputation was pei formed at the Stiong Memonal and Rochestei Municipal 
Hospitals 




^ 51. was admitted to the Strong Me- 

ti !” , . had mdd paw w 

>gi np This caused lier to limp Gradually the pain became more intense, radiat- 

treated W Tl phjsicians 

wit lout benefit The limp b> this time was pronounced The pain had also 
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increased to such an extent that she was sent to the County Plospital in February, 1939 
Because roentgenograms were suggestive of tuberculosis, she was transfeired to lola, 
where she remained foi five months A plaster spica relieved hei of pain, but after four 
months in it the disease sliowed no evidence of improvement A needle biopsj confirmed 
the diagnosis of a malignant tumui She had stabbing pains in hei light thigh whenever 
the right hip was moved Otherwise she remained free of discomfort 

Examination showed a lugged woman, with palloi There was a mass palpable m 
the right lower quadiant The right hip was moved guardedly There was very little 
joint motion present There was apparent shortening of one inch The limb was held 
in complete extension, with about 15° of external rotation There was evidence of mus- 
cular atrophy of the whole limb A firm, palpable, tender mass could be made out 
between the iliac crest and the great trochanter This swelling seemed to connect with 
the mass in the right lower quadrant The right inguinal nodes were firm, enlarged and 
quite tender 

Her vital signs were normal Laboratory examinations showed normal red and 
white blood cells and hemoglobin The urine had a trace of albumin but no sugar 
Roentgenogi ams gave evidence of an extensive destiuctive lesion about the acetabular 
region, incomplete outline of the femoral head, and a large soft tissue mass laterally, 
above the femur, and medially encroaching upon the pelvic cavity (Fig i) 

She was given a thorough course of roentgenotherapy to the hip during the course 
of the next month She received 40 treatments of 300 r units, for a total of 12,000 r 
Her pain was lessened somewhat but there was no appreciable effect on the tumor 
Surgery was advised at this time but she wanted time to think it over She remained at 
home for one month, staying m bed and suffering severe pain on any motion of the hip 
The tumor had made some growth progress during this time but there were still no signs 
of lung metastases 

On January 9, 1940 a right interinnomino-abdominal (hindquarter) amputation was 
performed She had acute retention requiring catheterization for two days postopera- 
tively There was moderate distention which was relieved by a Wangensteen suction tube 
She ran a moderate febrile course during the next ten days On the eleventh day she 
drained foul pus into the vault of the vagina There had been an abscess in the prevesical 
space from which E colt and anaerobic streptococci were cultured This cavity was 
drained adequately by making an incision above and introducing through-and-through 
drams The temperature returned to normal following this treatment The infection 
was gradually brought under control and the sinus closed in Her bowels were kept 
constipated by opium pills till the sixth day postoperatively After that time there were 
almost daily controlled movements, without difficulty She began to walk with the aid 
of crutches after the fiftieth day She was discharged from the hospital m excellent 
spirits, without any complaints, two months after entry 

Pathologic Exammation — Gtoss The specimen showed a tumor mass measuring 
18x12x10 cm It was boggy and gelatinous in consistency It surrounded 'the upper 
ramus of the pubic bone, arising from a broad base over the obturator foramen The 
bone was fractured m this area The tumor was egg-shaped, well encapsulated, and 
had an anterior globular extension, about 8 cm in diameter, over the hip joint Gelati- 
nous tumor tissue was found within the joint capsule The capsule of the tumor had 
been broken m one small area near the medial side (Fig 2) 

Microscopic exammation showed cartilage as the predominating cell type, though 
there was an abundance of myxomatous tissue as well Spindle-shaped cells were scat- 
tered throughout the tumor Frequent mitoses were observed Tumor tissue was seen 
within the lumen of a blood vessel in one section Pathologic Diagnosis Osteogenic 
sarcoma, chondro-type (Fig 3) 

She was readmitted to the hospital, December 10, 1940, because she had lost weight, 
had increased thirst, and frequency of urination She began to have pain referred to her 
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Fig 2 — Cise i Gross specimen Osteogenic sarcoma — chondro type 



1 iG 3 Case I Microscopic section Osteogenic sarcoma — 
chondro tj pc (X210) 
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amputated leg shortly after leaving the hospital This had increased in severity There 
was also a small sinus present on the stump 

Upon examination, she was found to have diabetes This was brought under con- 
trol with insulin The sinus tract was excised under pentothal sodium anesthesia Two 
pieces of silk which had been used to ligate the external iliac artery formed the basis for 
the sinus Roentgenograms of the lungs showed areas which were suspicious of a 
pneumonic process She was discharged in good condition, December 29, 1940 



Tig 4 — Thromluis of tumor tissue found in the ri^ht due \ein at postmortem 

e\Tmiintion 


She continued to have pain itferred to the amputated leg and knee On January 6, 
1941, she felt weak, drowsy, and listless She had been receiving morphine pills ever} 
3-4 hours for pain She had a cough with no sputum production There were many 
rales at both bases, more on the left tlian on the light A diagnosis of metastases to the 





Figs 5 and 6 — Roentgenograms taken in 1935 and 1940 shotting the progressite growth 
and extension into the soft parts 


lungs was made The patient was sent to the County Hospital She was kept comforta- 
ble there, with sedation as necessar} She died Februarv 4, 1941 

Autopsy — The tumor had recurred m the right pelvic region There was invasion 
of the sacrum and the muscles of this area A tumor thrombus occluded the right iliac 
vein, with extension into the inferior vena cava (Fig 4) Tumor thrombi were found 
in both pulmonary arteries Numerous metastases were present in the lungs, bronchial 
l}mph nodes, liver, spleen and left kidnc} There were multiple infarcts in the left kidne}, 
with tumor thrombi in the renal arteries There was an old organizing pneumonia 
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It was of interest that one of her sisters died of “carcinoma of the liver and a 
brother has diabetes at the present time 

Case 2— Hosp No 161737 M M, white, male, age 54 . was admitted to the 
Rochester Alunicipal Hospital, February i, 1940 He had had rather severe pain in his 
left hip for the past eight years He was admitted to the Genesee Hospital, Rochestei, 
N Y , four years ago A tumor was exposed and curetted away from the region of the 
greater trochanter It w'as thought to be a slow-growing osteochondroma from the 
microscopic examination Some doubt must have remained in the mind of the clinician 
for hip joint amputation was advised and refused Following this, a course of roentgeno- 
therapy was administered at the State Institute for Alalignant Disease There was a 
gradual recurience of the tumor, with diffuse enlargement of the left hip region Stiff- 
ness of the joint and pain on weight-bearing became annoying features The pain was 
almost constant, kept him awake at night, and required opiates for relief He received 
an injection of i cc-of 95 pei cent alcohol into the second lumbar spinal canal at the 
State Institute for Alalignant Disease, August 15, 1939 Some relief was obtained, but 
It was transient Other sequelae of this treatment w'ere weakness of the left leg, numb- 
ness and tingling of the left foot, and a constant sensation of coldness in the left leg 
He also had difficulty in staiting bow'el movements and urination At the date of entiy, 
there w’as considerable iliosacral pain on sitting, lying, 01 standing He had to get out 
of bed three to foui times a night to get relief 

Examination showed an obese man, wnth the left hip held m 45° fixed flexion Theie 
was a firm, bony-haid, globoid mass involving the whole uppci end of the left thigh It 
W'as an enormous tumoi with ill-defined maigins It infiltrated the gluteal muscles pos- 
teriorly Apparently, the pelvis was invaded by it The uppei half of the thigh was 
tense and tender There was a long curvilinear scar over the lateial surface of the 
growth A sinus, with swollen, reddened edges, discharged thin, serous material Any 
attempted motion of the hip was accompanied by pain The muscles of this limb had 
poor tone and there was veiy little musculai power left Maiked atrophy w'as apparent 
in the leg muscles Examination otherwise w'as essentially normal 

Laboratory studies show'ed a mild secondary anemia The blood total proteins w'eie 
normal The Wassermann reaction ivas negative Cultuie from the sinus grew B sttb- 
Itlis Roentgenograms levealed a soft tissue mass ovei the tiochantenc region com- 
pletely surrounding the bone Ihe coitical line of the bone had been destroyed from 
the hip aiticulation dow'ii to the midshaft Irregular cotton-wool density was present 
externally to the shaft Bone destruction and irregulai bone production were evidences 
of an osteogenic saicoma, cliondro-type (Figs 5 and 6) Roentgenogi ams of the chest 
show’cd no evidence of metastasis 

A modified liindquarter amputation was pei formed, Febiuary 7, 1940 The modifica- 
tion was necessitated by the fact that the gluteal muscles had to be sacrificed because 
they were infiltrated bv tumor Accordingly, an attempt was made to preserve the skin 
o\ei the adductor muscles together wnth the obturator artery as blood supplv so that 
this block of tissue could be rotated upw'ard to cover the stump The adductor muscles 
did not appear w^ell vascularized at the close of the opeiation so thej' w'cre removed 
The operation w'as w'ell borne The skin looked pallid but there w'as no tension on it 
Although Its survival w'as questionable, it was left in place for the time being The upper 
part appeared neciotic and was removed five days later Alost of the rest of the skin 
also came aw'ay dunng the next w'eek Dakin’s solution was applied to the wound, 
alternating wnth normal saline Clean granulations resulted Split thick grafts and 
pinch grafts were used to co\er in the granulating area Epithelization gradually took 
place He began to w-alk with crutches, progressing quite nicely before his discharge 
from the hospital 60 dais after admission 

He was put on constant bladder drainage immediately after operation This was 
discontinued after one week Bladder function appeared to be normal while in the hos- 
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pital , But three weeks after discharge he had difficulty m voiding, frequency, urgency, 
and terminal dysuna Urine culture showed E coli, and Staphylococcus albns Itevio- 
lyticus There was no residual urine There was an anterior stricture found which 
was dilated up to a No 24 F sound This gave him complete relief from his urinary 
complaints 

No attempt was made to regulate the bowels He did not have a movement until 
one week after operation After that the function appeared to be regular without neces- 
sity of any medication 

Pathologic Examination — Gioss The specimen consisted of a huge, rather diffuse 
tumor, involving the upper end of the femur, particularly the lateral aspect There was 
a dirty, i 5 cm , ulcerated ai ea in the region of the greater trochanter This was the 



Tig 7 — Case 2 Gross specimen Osteogenic sarcoma — chondrotjpe 


sinus from the previous operation The tumor was exposed after dissecting away the 
psoas and gluteal muscles It was encapsulated, boggy, dull gra^ in color, and measured 
about 25 cm m diameter The tumor was lobulated, and upon section into the capsule 
grayish-pmk, jelly-like material was released The tumor tissue had extended laterallj 
into the old operative area The hip joint was buried m the mass which involved the 
entire upper fourth of the femur, and was in contact with the pelvic bones above There 
were three smaller tumor masses, up to 3 cm m diameter, along the posterior surface 
of the femur below the mam tumor (Fig 7) 

Alicroscopic sections showed an intact connective tissue capsule Some portions of 
tlie tumor were entirelv im xomatous in appearance Usualh , in this mv xomatous stroma 
ihci c were several tv pes of cai tilagc cells The most common tj pt had a pale pink 
nucleus suriounded by a deal h do and then a dark membrane Similar nuclei were 
laiger and vacuolated Scatteied smaller cells with dark staining nuclei were present 
Occasional mitotic figures were encountered Very pale young cartilage was observed 
in some areas (Fig 8) 

He was practically asymptomatic until a recurrent tumor was noted in the stump 
This was accompanied bv some local pain There had been some sensation of pain 
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referred to the absent bmb at times He had gained weight He got aioiind on cuitches 
quite well The recnrient tumor measured 8xio cm of indurated tissue, intei mingled 
with the old skin grafts 1 he whole skin-grafted ai ea was excised, and with it a mush> , 
gelatinous tumoi, about the si/e of a giapefiuit, which extended down to the bone It 
ruptured m seveial places dining umoval, but the aiea was thoioughh washed with 
saline solution and left open to giamilate Pathologically it showed chondiosaicoma 
with myxomatous change (Fig 9) A split thickness graft w'as suluied over the giaiui- 


Fig 8 


Fig 9 



Fig 10 

Fig 8 — Case 2 Jlicroscopic section from oiigmal resected tumor (Xaio) 

Ftc 9 — Case 2 Microscopic section from recut rent tumor in stump, more aggressiie 
and mjxomatous 

Fig 10 — Case 2 Microscopic section from metastatic tumor in nb Tipical osteo 
gemc sarcoma, uith no cartilaginous elements 


lating surface and it healed nicely The first of these operations was on August 25, 1940, 
and the second on October 5, 1940 

His next admission to the hospital W'as December 4, 1940 For about three weeks 
there has been steady aching along the low'er left costal margin and m the back A lump 
was found on examination over the tenth 11b in the midaxillary line It was excised 
cn bloc, w'lth portions of the adjacent ribs, nitrous oxide-oxj'gen-ether anesthesia being 
used He ivas discharged December 22, 1940 

The microscopic examination showed this tumor to be absolutely unlike the previous 
cartilaginous tjpes It bad the characteristics of an osteogenic sarcoma (Fig 10) 

Subsequent Com jc —Januarj 14, 1941 He still complained of chest pain and also 
pain referred to the absent leg In other respects he appeared to be getting along fairly 
well 

He de\ eloped progressue swelling of the left eye, wnth dull pain, after leaving the 
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hospital There was diplopia on looking to the left In the Spring, examination showed 
left exophthalmos, limited ocular motility and increased intra-ocular tension There was 
also pam m the back and over the left eye Relief was obtained by drugs Roentgeno- 
therapy was administered over the painful areas, with a satisfactorj'^ result It was 
apparent that the metastases were wide-spread by this time He died October 3, 1941 
Postmortem examination was not secured 

Case 3— -Hosp No 162734 A S, white, female, age 42, was admitted to the 
Strong Memorial Hospital February 29, 1940 She had complained of pain in the light 
hip for about one jear Two months before this time she had had a fall The pain was 
most severe on weight-bearing She walked with a limp in consequence Any lotation 
of the hip joint caused discomfort 

She appeared to be in acute distress She was obese and cooperative Hei thyroid 
gland was two to three times the normal in size and had the smooth, nodular areas chai- 
acteristic of benign adenomata There was a soft systolic murmur over the mitral area 
There was tenderness on deep palpation over the right hip Hip flexion was restricted 
20° as compared to the other side, also external lotation and abduction weie not within 
40° of the normal motion of the left hip She had no evidence of an infectious process 
Careful survey for a primary malignant growth revealed nothing definite 

Laboratory studies weie all within normal limits Roentgenogiams showed de- 
generative changes in the lumbar spine Stereoscopic roentgenograms of the right hip 
indicated a large, destructive lesion of the right iliac and ischial bones (Fig ii) Chest 
films were negative for metastases 

Sufficient biopsy material was not obtained by aspiration of a deeplj -seated, pul- 
sating tumor, which could not be adequatelj exposed She was given a course of 
roentgenotherapy, consisting of 3,800 1 units to the right hip, fiom April ii, to May 2, 
1940 On April 18, a small nodule was lemoved from the neck on a suspicion of 
malignancy It proved to be a sebaceous cyst She was dischaiged. May 2, 1940, with- 
out much sign of improvement Her diagnosis Avas unceitain, but a presumption that it 
might be a primaiy giant cell tumor of the right ilium and ischium was entertained 

She was given an additional 1,000 r units of roentgenothei apj dm mg the following 
week, completing a cycle of 4,800 r units to the right hip 

On May 26, she fell, sti iking on her left hip Theie Avas immediate pain in the 
right hip She Avas unable to Avalk Pain AA'as seveie Motion of the hip increased the 
pain Aching continued in the nglit hip legion AVithout abatement She Avas leadmitted 
to the Strong Memorial Hospital June 8, 1940 She appeared to be haggard Awth pain 
and long-suffering Both legs were plopped up on pilloA\'’S, the knees and hips in partial 
flexion There Avas apparent shoitening of one inch of the right leg, Avhich AA'as held m 
20° of internal rotation and adduction The right hip A\'as fixed and painful Roent- 
genograms shoAAed a pathologic fracture through the right acetabulum, A\nth central dis- 
location of the head of the femur (Fig 12) Films of the chest gar^e evidence of a 
mass in the anterior mediastinum, displacing the trachea — either a substernal thjroid or 
perhaps a metastasis There did not seem to be anj alternative to a hindquarter amputa- 
tion This was, accordingl}, carried out, June ii, 1940 The operation Avas difficult, and 
some shock resulted Transfusion restoied lier pressure to normal at the close of the 
procedure The gluteal muscles AA'ere presented to corer the denuded area Avhich A\'as 
closed AA'ithout tension 


The postoperatiA e period an as relatneh uncomplicated She voided spontaneous!} , 
and the boAvels moA ed AVithout medication on the third daj The Avound healed Avithout 
incident She AAas out of bed in two A\eeks Within one month she had learned to use 


crutches satisfactoril} She had pain referred to the amputated limb for about ten da} s 
The specimen showed a pathologic fracture across the acetabulum, with the femur 
head projecting througli a soft, a ellow ish-graA tissue (Fig 13) Microscopic sections 
were tipical of metastatic caicinoma from the tlnroid (Fig 14) 

The tlnroid gland Avas subjected to reexamination b} a number of surgeons, and 
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none of them would have made a diagnosis of mahgnancjr from its consistency She 
was given a course of roentgenotherapy over the gland — 3,900 r units in about a month 
She has been followed in Tumor Clinic since operation On December 26, 1940, her 
general condition was good There was an occasional slight discomfort in the operative 



Tig 13 — Case 3 Gross specimen Aletastatic tlijroid tumor \\ith fracture 
of acetabulum and central dislocation of head of femur 



area No definite evidence of recurrence or additional metastases were noted The 
thyroid showed little change 

November 6, 1941 The patient showed a gain of ten pounds over her original weight 
on her first admission There were no evidences of recurrence nor metastasis elsewhere 
The thyroid remained unchanged She has had amenorrhea for four months, probably 
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on a menopause basis The pelvic examination revealed nothing significant Occasionally 
she has twinges of pain in hei absent limb (Fig 15) 

Case 4 — Hosp No J66848 C J, male, age 55, was admitted to the Strong Memo- 
rial Hospital June 26, 1940 He was an intelligent man who had had an mteiestiiig 
caieei in spite of chionic invalidism which dated fiom his eighth yeai A fall had 
caused a fractuie of the left arm, with bruising of the left hip, in 1892 During the 
following year theie were sliaip pains, involuntary contraction of the hip and knee 
muscles, and failuie of the left limb to grow as rapidly as the right In 1894, a large 
abscess had formed about the left hip joint It was opened and pieces of necrotic bone 
were excised from the head of the femur and the acetabulum He was in bed for seven 
months, on pulley weight-traction, in Burlington, Vt In 1895, an extension steel brace 



Fig is — Case 3 End result 


was worn, but, in spite of this, another abscess formed and was diained Some iodoform 
compound was used to irrigate and pack the wound Fiom 1896 to 1905 there were re- 
peated closures and incisions for abscesses and curettage of dead bone In 1906 the 
bone was curetted twice While a student at Harvard, from 1907 to 1909, there were 
similar episodes He spent most of the summer of 1909 m a complete body encasement 
at Cambridge, Mass Dead bone was removed on seveial occasions in New York City 
between 1910-1914 Roentgenotherapy was tried experimentally, in the latter part of 
I9i4f to see if the condition could be improved He was curetted for necrotic bone on 
an average of once a year from 1915-1920 Can ell-Dakin treatment was employed 
during this period A heavy compound of wax and bismuth was forced into a dead space 
in the left groin to promote healing, about 1920 Frequent abscesses formed and dead 
bone was removed during the next seven j'ears In 1928, a large piece of necrotic bone 
was excised from the head of the femur By 1932, the femur head had completely 
disappeared, and the socket had been cut or sloughed away An attempt to induce an 
ankj'losis of the hip area was made in Syracuse, New York He was in a body encase- 
nient for several months He wore a light celluloid encasement during the rest of the 
jear The fusion failed, however The following four j'ears were associated -with 
abscess formation and beginning intense pain Surgeons tried to remove as much scar 
tissue as possible, because it was thought to be causing the nerve pain b\ pressure 
Strenuous Swedish massage vas employed also to loosen up the scar tissue As a result 
of this latter treatment another series of abscesses developed These m ere opened during 
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1936-1938 Treatment with the Kromeyer ultraviolet light, water-cooled tube, was em- 
ployed, but apparently without effect In 1938, another attempt at fusion of femur to 
pelvis was carried out unsuccessfully Bacteriophage was introduced through the summer 
of 1939, also “permase,” “allantom,” and “urea ” The pain continued to be intense 
Some dajs it was difficult to walk on crutches at all He obtained little sleep Often, 
he was more tired on arising m the morning than he was when he went to bed the 
night before He had discomfort at times in the area where the bismuth-wax was in- 
jected Pain also centered about the closed sinuses on the buttocks near the back There 
were shooting pains on the inner side of the thigh between the groin and knee He 
summarized his operations as follows Between 1892 and 1940 there had been 39 major 
operations and curettings He estimated that, in addition, there had been about 20 



Fig 16 — Cise 4 Roenfgenognm indicating chronic osteo 
injehtis of left ilium, lo'is of femur head, and bismuth paste 
previously injected 

minor incisions with drainage By May, 1940, he had reached a point where the con- 
tinuous pain had become unbearable His attending physicians had made conscientious 
trials to give him relief by every possible means short of morphine, but finally had to 
resort to this drug In consequence, he had been taking to ^ gr of morphine daily, 
for his torturing pain In June, 1940, he wrote “Frankly, this is with me a life and 
death emergency I cannot work and earn until this pain is conquered ” 

Examination showed him to be a small, poorly-developed and poorlv-nounshed man 
There were numerous coarse rales throughout both upper lung fields, which persisted 
following coughing There was a large, left indirect inguinal hernia The left leg ex- 
hibited a retarded development, marked atrophj, and decrease of active motion The 
left hip joint showed abnormal mobility, but with limitation m flexion The left limb 
was greatly shortened and deformed It was useless as far as weight-bearing was con- 
cerned There was an acute infection present Thick pus was draining from a sinus, 
posterior to the left hip joint region A considerable amount of pus could be obtained 
by pressure over this region, indicating a pocket of some dimensions Culture showed 
Staphylococcus aiaetts hemolyticns present The temperature ranged to 100° F daily 
The white blood count remained at 12,000 during the first week 

Roentgenograms revealed marked atrophj and lack of development of the left in- 
nominate bone The bone had many spotted areas of decreased densitj scattered 
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throughout The head and neck of the left femiu weie missing, the thinncd-oiit, frail- 
looking shaft icsting against the remnants of the outci shelf of the acetabulum Two 
foci of increased densit}' weic noted, one centrally, over the ilium piopei, and a second in 
contact with the acetabulum These aicas indicated the injection sites ot the bismuth 
formerly used in tieatment (Fig ifi) 

It was decided to remove the involved innominate bone After treating him for ten 
days, in the hope that the infection would cleai up, it was apparent that nothing was 
being accomplished The sinus continued to drain freely and the temperature stayed 
about the same Accordingly, July 6, 1940, a hindquarter amputation was carried out 
Care was taken to avoid the draining area as much as possible but, duiing the procedure, 
pus was encountered in several different areas The external iliac artery was distorted 



Tig 17 — Case 4 Gross specimen Chronic osteomyelitis, left innominate bone 


by adhesions from the injection with bismuth paste The difficulty was overcome by 
careful dissection The sciatic nerve was tied with catgut ligatures, and 95 per cent 
alcohol was injected between the ligatures Closure was not attempted except to cover 
the sciatic area A small portion of the ilium overlapping the sacrum was left in place 
The wound was packed with vaselined gauze after carefully irrigating it with normal 
saline solution 

Shock was combated by transfusion at the close of operation He was placed on 
tidal drainage immediately after return from the operating room He did surprisingly 
well He was sitting, well propped up in bed, reading on the day following operation 
He was taken off tidal drainage two days after operation There was no further 
trouble with his bladder His bowels moved spontaneously on the fifth postoperative 
day The function became normal, daily, by the tenth day after operation 

The wound w'as infected after operation but it was in condition to skin-graft it after 
19 days The lower limb of the amputated specimen had been saved by disarticulating 
d at the knee joint and keeping it in an ice-box at approximate!} 34° F Split-thickness 
grafts were taken from this source and sutured over the granulating area with horsehair 
Pressure dressing with a sea sponge was applied One area failed to take but the rest 
of the grafts took well and spread rapidl} 
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His major problem was that of moiphme addiction Attempts were made to break 
this habit by substitution of other hypnotics This was only partially successful 
Intravenous snake venom was used in i cc dosage on several occasions Insulin treat- 
ment was also employed During the last three weeks of his hospital stay he received 
only one dose of morphine He was dissatisfied with his sedative orders, complained of 
severe pains in the absent limb, and frequently asked for morphine It was certain that 
he would resume the habit as soon as he could be supplied with the drug He was dis- 
charged, with two-thirds of his wound well healed about two months after admission, 
August 28, 1940 He had been up and about on crutches for one month prior to discharge 

By the middle of November, 1940, he had completely healed over He still com- 
plained of pains referred to his missing limb No medication completely relieved him, 
according to his letters He spent many sleepless nights In January, 1941, he had 
resumed his morphine because of unbearable pains in the missing foot The operation 
had apparently accomplished little except the removal of a chronic recurring, draining 
osteomyelitic focus (Fig 17) 

He was readmitted to the hospital, February il, 1941 Since going home he had 
shown general improvement He had been up and about most of the time on crutches 
But he had severe pain m the amputated stump It consisted of a tight constriction 111 
the knee, foot, and toes of the amputated limb He required gr of morphine every 
four hours for relief of this Examination gave no information of value Ps>chologic 
examination indicated some deterioration from an originally high intelligence level The 
psychiatrists felt that he was well adjusted, that he showed no evidence of mental dis- 
ease , and that the morphine addiction was very mild On February 28, 1941, a bilateral 
prefrontal lobotomy was earned out under procaine anesthesia When the frontothalamic 
tracts were cut, he declared that the pain in his leg had disappeared He remained con- 
fused and subdued for several dajs postoperatively At the time of discharge from the 
hospital, March 28, 1941, he was caring for himself without assistance He stated that 
he still had pain in his absent leg but he did not enlarge on it for 20 minutes as he 
would previous to operation He had received no drug of any kind since operation 
What the ultimate outcome will be is an open question A letter from his wife, October 
16, 1941, states that he has had no morphine nor other opiate since operation He has 
been irritable, abusive and ill-tempered at times He has returned to work in a minor 
capacity 

Discussion — All writeis on this subject stress two points (i) The neces- 
sity for careful hemostasis, and (2) the avoidance of surgical shock There 
can be no disagreement on these points Eveiy surgeon should strive for 
these ideals in every operation It is only in the means employed to attain 
these ends that opinions may differ 

Many surgeons aie of the opinion that shock can be prevented by blocking 
nerve channels and thus keeping harmful stimuli from acting Consequent!)’’, 
spinal anesthesia is advocated , also, careful exposure and local anesthesia to 
every nerve trunk, especially the laiger nerve coids, such as the sciatic 
Leriche even advocates interstitial local infiltration of all the tissues Per- 
sonally, I do not believe that this makes very much difference 

In none of our cases was spinal anesthesia employed In no instance 
were any of the nerves blocked by procaine infiltration Division of the 
sciatic by the cold-knife, or by electrocoagulation with the radio-kmfe was not 
followed by any appreciable blood pressure change The blood pressure read- 
ings weie carefully recoided every ten minutes throughout the operation 
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Neither did injection of the severed sciatic nerve stumps with 95 per cent 
alcohol cause any reaction 

Fai moie impoitant in causing shock is rough handling of tissues In our 
clinic, caie and delicacy of manipulation follow the trail blazed by Kocher, 
Halsted and Cushing, whose conti ibutions 111 this direction have been too 
little appreciated 

Consequently, time is of minoi impoitance, especially if the anesthesia is 
well administeied We feel that less harm lesults from a dehbeiate, gentle 
thiee-houi opeiation than by a slashing exhibition of unnecessaiy speed, with 
inevitable damage to the tissues Loss of blood cells and, moie impoitant, 
loss of blood plasma are determining factoi s in shock If the cii dilating blood 
volume IS gieatly 1 educed, the caidiac output, pei minute, also will be le- 
stiicted The blood piessuie will drop, vasoconstriction of the peripheiy 
will follow, and suigical shock will lesult Measuies to save as much of the 
blood volume as possible should be instituted Consequently, the external 
iliac aiteiy should be tied before the vein, and the limb elevated to drain as 
much of the circulating blood as possible fiom the part about to be lemoved 
It would be well if this limb could be kept higher than the heart level tin ough- 
out opeiation, because there must be appi oximately one-sixth of the cir- 
culatoiy volume m this laige poition of the anatomy It has been oui policy 
to stait a slow mtiavenous infusion befoie beginning operation During the 
opeiation as much as 1,000 cc of 5 pei cent glucose, in Ringei’s solution, has 
been administered If the patient begins to show shock, whole blood tians- 
fusions can be cairied out through the same apparatus In oui four cases. 
Case 2 showed no shock, Case 4, relatively little shock, though the blood 
pressui e di opped until ti ansf usion restoi ed it , Case i had some shock which 
lequiied tieatment by two tiansfusions of 600 cc each She left the opei- 
ating room in good condition, with a blood pressui e of 100/70 following this 
tieatment Case 3 had rathei severe shock due to two complicating factors — 
(i) seveie tiauma of injuiy, and (2) heavy pievious radiation Conse- 
quently, at opeiation theie was considerable blood loss Two tiansfusions of 
700 cc lestored the blood volume and the patient left the operating room 
in good condition 

In legal d to anesthesia, the suigeons have no geneial agieement Many 
favoi spinal anesthesia This would be a good choice for the more rapid type 
of opeiatoi But Goidon-Tayloi emphasized the necessity of extreme care, 
especially, when changing the patient’s position, as is necessaiy in this opeia- 
tion Continuous spinal anesthesia, as nov piacticed, has not been employed, 
but might be to advantage Geneial anesthesia with local block to the nerve 
tiunks has had its advocates In our cases aveitm with mtious oxide-oxygen- 
ethei sequence was employed m Cases i and 4 Sometimes, the avertm de- 
pi esses the blood pressui e at the stait Consequently, only a small quantity 
would seem advisable, meieh as a basal anesthetic In Case 2, vmethene in- 
duction folloued by diop ether uas satisfactory In Case 3, simple nitrous 
oxide-ox} gen-ethei sequence was employed 
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As to the position of the patient on the table, it is best to start with the 
patient flat on his back The anteiioi part of the incision then is made from 
the symphysis along the iliac crest to the posteiioi superior spine The 
anterior dissection is developed exti aperitoneally The external iliac artery 
and vein aie tiansfixed by sutuies and divided The division of Poupart’s 
ligament makes foi easy access to these vessels The rectus abdominis is freed 
and the symphysis divided The patient is tuined on the sound side and the 
incision carried posteriorly down to the gluteal fold and across the trochanteric 
region to the inner side of the thigh The perineal incision joins the innei 
end of the anterioi incision ovei the symphysis The iliac bone is divided 
from the crest to the saciosciatic notch Saw, chisel, or bone cutters may be 
employed foi this The gluteus maximus may be saved m most cases, unless 
involved by tumoi It is well to preserve its blood supply if possible The 
iliopsoas muscle is divided, the pyriformis and levatoi am also The sciatic 
nerve cords now he exposed Division of these huge nerve trunks frees the 
hmh and leaves a gaping wound The peiitoneum and transversahs fascia 
remain as the sole protection for the peritoneal contents The small portion 
of ilium lemaining attached to the sacroiliac joint may be removed or left, as 
indicated We have found that the oithopedic trough used for hip joint 
amputation facilitates the handling of the patient and makes the manipulation 
toward the sound side easily carried out 

While much has been wiitten regarding the type of skin flaps to cover the 
stump, it would seem that the decision must rest with the type of diseased 
involvement of the limb When it is possible to save the gluteus maximus 
and a sufficient pai t of its blood supply, it makes a very satisfactory covering 
This was possible m Cases i and 3 Lericbe, in the first of his articles, 
advocated ligature of the common iliac artery foi control of bleeding But 
this was followed by neciosis of the gluteal muscle and delayed healing The 
majority of suigeons now ligate the external iliac artery only When tumor 
tissue has extended into the gluteal muscles, flaps must be developed 111 other 
situations In Case 2, a long flap, supplied by the obturator artery, was raised 
to cover in the stump The blood supply pioved inadequate and the skin 
sloughed, necessitating a skm-grafting operation when granulations had ap- 
peared In Case 4, the limb was grossly infected Thick pus was expressed 
from the sinuses during operation A guillotine-type of amputation v'as, ac- 
cordingly, performed No attempt was made to cover the denuded area In 
spite of the fact that only the peritoneum and the transversahs fascia remained 
between the abdominal contents and the outer air, no herniation was observed 
After the wound had granulated, skin was grafted This was taken from the 
amputated leg, which had been kept m the ice-box at 34° F for two weeks 
Successful grafting occurred in 80 per cent of the grafts applied Gordon- 
Taylor saved the epigastric artery whenever possible, so as to preserve the 
blood suppl}’’ to the rectus muscle 

Sequelae encounteied in these four cases aie recorded, so that they may 
be avoided by future operators In Case i, we had a rather severe infection 
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I believe that it came thiough the vault of the vagina which may have been 
opened at operation At any late the abscess dischaiged through that aiea 
There had been no pieparation of the vagina pieopeiatively, but m Case 3, we 
took this precaution It ^^ould seem to be a wise prophylactic measuie m 
female patients 

It was not surprising to have bladder difficulty following operation m 
these patients We adopted tidal iriigation as simpler than multiple catheter- 
izations After two to seven days it was possible to remove the apparatus 
without furthei trouble resulting Case 3 did not lequiie this tieatment 
It was thought that detaching the levator am muscle on one side might 
upset the evacuating function of the rectum, but this was not the case At 
first, we believed that something should be done to constipate the bowels m 
order to avoid infections Opium pills were given for this purpose In the 
later cases no medication was given The bowels retui ned to normal function 
after three to seven days m our cases, and became legular without medication 
No prosthesis can be fitted easily to this stump The patients quickly 
learn to use crutches, and get around well by this means They learn to 
adapt themselves to sitting on the involved side The younger patients, ac- 
cording to reports, adjust themselves more quickly and successfully 

The most annoying of the sequelae was the development of a phantom 
limb by these patients They all had it m varying degrees, and propor- 
tionate estimation of its nuisance value This subject is of great interest by 
Itself We are now making an investigation of it Attempts to modify this 
phenomenon by treating the severed sciatic by different methods failed to 
make any appreciable effect on the outcome 

The fact that we could carry all four of our patients through this severe 
type of operation without having had any previous experience in it, indicates 
that it IS a feasible proceduie for the surgeon when the necessity arises 
Fortunately, the necessity for this major mutilation is lare It has been under- 
taken for sarcoma of the innominate bones or upper femur, extensive sar- 
comata of the muscles of the thigh and pelvis, giant cell tumois of the pelvis, 
and tuberculosis and osteomyelitis of the pelvic bones 

The mortality as given m Gordon-Taylor’s fii st repoi t, of 59 5 per cent, 
should be 1 educed The moitality of 33 per cent, of his later repoi t, can be 
improved upon To the piecautions advocated by foimei surgeons, we would 
add gentleness and lack of ui gent speed The surgeon should keep on moving, 
ho\vevei, and not l^e slow without some object The availability of blood 
plasma should be added to the safety factois when such an operation is 
contemplated 

The lesults of this opeiation aviII be improved wdien surgeons lealize that 
the opeiation can be undei taken wuth relative safety They will no longer 
hesitate to offei their patients a chance for cure, w Inch they now deny them 
The first two patients of our senes w'eie ad\anced malignancies The\ were 
affoided palliation and comfoit The third patient seems to have a hopeless 
situation It may be that this is one of those rare, so-called benign metastasiz- 
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ing adenomata of the thyroid Ceitainly, to date, theie is nothing to indicate 
a fuithei progression of the disease In Case 4, the draining focus has been 
eliminated, but the ultimate cure of the mental state must await the test of 
time These end-results aie not good But they hold a hope that, m the 
futuie, bomehody may be benefited by this type of surgery 
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Rapant, V Interileo-abdominale Amputation bei Oberschenkelgescbwulsten Cliirurg , 
10, 804-819, 1938 

Ricard and Clavel Desarticulation mterilio-abdommale pour tumeur maligne de 
I’extremite superieure du femur Lyon chir, 35, 81-85, 1938 
Shvarts, Y E Case of Interilio-Abdominal Amputation Vestmk Khir , 55, 57-59, 
1938 

Discussion — Dr T C Davison (Atlanta, Ga ) I performed one 
opeiation like this 20 years ago or more, and it has never been reported I did 
not know then that such opeiations were so rare This patient was 70 years 
of age, and he had been burned severely on the anterior surface of the right 
thigh and light gioin m infancy, which resulted in extensive scarring Por- 
tions of this scar had degenerated and developed an extensive carcinoma with 
involvement of the lymph nodes It was very evident that a hip joint ampu- 
tation was indicated, therefore, a high incision was made above Poupait’s 
ligament and the abdominal peritoneum was pushed upward to the bifurcation 
of the abdominal aorta The external iliac artery was ligated and the inteinal 
iliac was taped temporarily The enlarged nodes were removed from the 
bifurcation of the abdominal aorta downward The bone was sawed off, 
including the pubic lami, crest of the ileum, and the acetabulum A posterior 
flap fiom the gluteal region was used to cover the stump The patient lived 
for seven years and died of pneumonia 
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THE SURGICAL CORRECTION OF 
IMANDIBULAR PROGNATHISIH" 

Edwaed a Kitlowski, MD 
Baltimore, Md 

Prognathism is a deformit} cliaiacterized by an abnormal protrusion of 
the mandible The bioader part of the lower dental arch lies opposite the 
nall 0 ^^el portion of the upper arch, causing a malocclusion varying vith the 
degiee of the deformity The protiudmg chin, with the massive jaw and 
heavy bps, often results m a very displeasing appearance, which primaiily 
causes the patient to come for surgical aid It may be due to actual hyper- 
trophy of the bone, errors in the eruption of the teeth, piemature extraction 
of deciduous molars , or to fiactures or contracting scats of the face and neck 

Orthodontic treatment should be tried if the patient is under i6 years of 
age, unless the deformity is ver}'^ severe or does not involve the dental arches 

There are two general groups of surgical methods for correcting this 
deformity One deals m ith a simple section of the bones on eithei side, with a 
posterior displacement of the mandible, held m its new position by fixation of 
the dental arches 

Various levels of sections are advocated by different surgeons The cuts 
can be made in the neck, at various levels of the ramus, or at the angle A 
section through the neck is only indicated if the deformity is due to a mal- 
union of a fi acture in this area A section through the angles is of little value 
since it permits very little backward movement of the bod}’’ of the mandible 
Cuts at various levels of the lamus can be undertaken safely, Mith care, and 
have the advantage of avoiding an opening into the mouth and breaking the 
continuity of the dental arch The chief objection to these operations is that 
there may be an interference with function because of the backward displace- 
ment necessary 

The second group of operations deals with the removal of sections of bone 
from the ranii or the body of the mandible Since very few of these cases 
have an elongation of the lami, any shoitening with the posteiior displace- 
ment necessai}’’ for the correction of the defoimity mil cause interference mth 
function 

The most desirable operations deal with the body of the mandible itself 
The corrections resulting from the removal of sections of bone take care of 
both the protrusion and the mdening so often seen The site of operation 
depends to a gieat extent on the denture If all of the teeth are present, the 
second premolars can be exti acted Spaces caused by the separation or loss 
of premolars or molars can be used, providing there are teeth behind to hold 
the splints necessai y In the appended cases extractions vere necessary to 
secure the space requned 

* Read before the Southern Surgical Association, Pinehurst, X C, December 9-1 1, 
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The main purpose of this communication is to call attention to a simple 
method of fixation of the thiee fragments of the mandible after resection and 

CASE REPORTS 

Case I — ^White, female, age 26 Marked protrusion of the lower jaw with a mal- 
occlusion (Fig 1) The lower first molars were occluding against the upper premolars 



Fig I — Case i Mandibular Prognathism Note protrusion of the mandible, with the heaa> lips 



Fig 2 — Case i Roentgenograms of mandible before operation All of the teeth are 
present Note that the incisors tend to turn in and that there is an open bite The lower 
first molars occlude against the upper premolars There is an hypertrophy of the mandible 


The incisors, both upper and lower, tended to turn in The body of the mandible was 
hypertrophied, all of the teeth were present (Fig 2) 

Casts were made of the denture (Fig 3) The first molars were then extracted and 
the spaces retained by placing caps between the teeth The orthodontist placed bands 
around the second lower molars, with a short tube attached to the buccal surface Bands 
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were placed around the premolars on both sides, with a tube soldered to the outer side 
The tubes permitted a square threaded-rod to pass through The cast was now cut in 
the region of the first molars and the correction made Careful measurements were taken 
of the width of the segments removed (Fig 4) 

Bands were placed around the upper first molars and first premolars with a rod 
soldered to the buccal surface 



Fig 3 — Case i Casts made of the denture before operation, to determine the loca 
tion and extent of the operation 



Fig 4 — Case t Occlusion of the casts after the portions were remo\ed The width of the 
pieces removed was carefullv measured The remaining malocclusion was later corrected hj the 
orthodontist 

Under general anesthesia, an incision one and one-half inches long was made m the 
skin under the margin of the mandible, oaer the area avhere the tooth had been extracted 
The mandible tvas exposed and the periosteum marked avith brilliant green (alcohol 5 per 
cent solution) according to the predetermined measurements Two holes were drilled 
through the bone near the lower margin 05 cm from the marks A silver wire was 
threaded through the holes, with the ends to the outside The periosteum was incised 
and the section of bone remo^ed with a saw A similar procedure was carried out on the 
other side The four saw -cuts w'ere made almost completely through before the continuitv 
of the bone was broken, in order to control the bone and secure c\en accurate cuts 
Care was taken to a^old stripping the periosteum back from the margins The pieces of 
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Tig s — Case i Two weeks after operation Note the shadows of the 
silver wiies The angle at which the pictures were taken makes it appear that 
the margin of the tooth is in the cut There was suflicient bone near the roots 
of the teeth to avoid injurv 




m 




Fig 6 — Case i One >eir after operation Tie teeth occlude The small scars visible 
are not objectionable to the patient The chin has been adjusted to a more normal position 
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bene were removed and the square rod inserted Nuts ere placed on the threaded ends, 
which permitted firm approximation The siher wires at the lower borders i\ere tied 
firmly The mucous membrane Mas approximated inside the mouth A horsehair dram 
was inserted from the skin side and the incision closed Muth horsehair The ends of the 
M’lre Mere turned to the outside (Fig 5) 

The folloM’ing dai, after the patient had reacted from the anesthesia, the loM'er jaM 
Mas fixed to the upper bj Mires, connecting the tM'O bars 


A B 



Fig 8 — Case 2 Casts -uere made of the denture of both jaws and placed to show the 
occlusion A section uas then reino\ed to secure proper occlusion (A) Segment mo\ed out to 
show the amount of cast removed and to show the condition as it eMSted (B) Segment pushed 
hack to show the correction The width of the segments removed was carefullv measured 



Fig 9 — Case 2 Golden bridge and caps, with the tubes soldered in place, were made 
for the teeth on the cast of the lower teeth (A) The segments pulled apart to show the 
position of the parts as thev would be on the teeth before operation The two rods, seen 
in the lower part of the cast, were used to assure correct movement and adjustment of the 
fragments (B) Segments approMmated and the bolts fastened in position, as thej would 
appear after the operation 



Frc 10 — Case 2 Roentgenograms of lower jaw two weeks after operation shoving 
the fragments held in position bv the apparatus The wires in the lower borders are 
barelv visible because the wire was of verv fine gauge being steel 
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Recovery was uneventful The chains were removed m two clays, and the sutures in 
seven clays The teeth were cleaned and inspected every three or four clays, when the 
wires between the bars were changed The patient was fed a high caloric liquid diet, 
and only lost three pounds 

After three weeks, the mandible was freed from its immobilization to the upper jaw 
and the patient given a very soft diet Seven weeks after operation the apparatus was 
entirely removed The silvei wires were lenioved aftei four weeks, and the openings 
healed, leaving small adherent scars There was some motion in the front segment for 
a few months, which gradually disappeared as the callus became firmer The lower lip 
and a part of the chin lost sensation, which returned in a few weeks and became entirely 
normal in three months The teeth all appeared viable (Fig 6) 

Comment — The immobilizing apparatus was applied to both jaws, mak- 
ing It difficult to feed and care foi the patient The absolute immobilization 
made it likely that tbe callus was slow m foi mmg The wires turned through 
the skin caused scars, which wei e not completely satisfactory although massage 
finally made them inconspicuous In view of these objections, a simpler 
apparatus was planned foi the following case 

Case 2 — White, male, age 22 Protrusion of the mandible with malocclusion (Fig 
7) Ihe second premolar was missing on the left side There was a hypertrophy of the 
body of the mandible Casts were made and sections removed to give the desired occlu- 
sion Measurements were taken of the segments (Fig 8) A golden bridge was made 
to fit the teeth in front of the second premolars, with a short tube soldered on the buccal 
surface A cap, with a tube soldered to it, was made for the first molars The ends of 
the short tubes on the molar caps held the nuts firmly set A short bolt was passed 
through the tube on each side, which could be screwed into the nut (Fig 9) 

The premolar on the right was extracted, and the opei ation perfoi med ten days later 
We did not hesitate to cut through the newly healed gum, since fractures will heal under 
similar conditions The bridge and caps were soldered into place 

Under general anesthesia, incisions, one and one-half inches long, were made through 
the skin, exposing the mandible at the selected site The measurements were marked on 
the bone Drill-holes were made near the lower margins about 0 5 cm from the line of 
the cut, and steel wires passed through, with the ends to the inside of the mouth The 
sections were now removed , the bolts passed into the tubes and tightened with a screw- 
driver The wires were tied to the inside of the mouth Horsehair drams were placed 
m the incisions, which were dosed (Fig 10) The drains were removed m 48 hours 
The patient was discharged four days after operation The skin sutures were removed 
m seven days, with pci pi imam healing The patient was given a liquid diet for four 
days, after which a very soft diet was ordered Chewing was not encouraged, but he 
could talk as much as he desired After the second week chewing gum was advised and 
a diet of soft foods, whicli required some chewing, was permitted It was felt that the 
stress of use would speed the formation of the callus The loss of sensation began to 
disappear after the third week, and sensation became normal during the third month 
In five weeks, the wires were removed with ease In eight weeks, the bridge was removed 
(Fig II ) The patient had some false motion and a slight tendency to open-bite, which 
disappeared as the bones became firmer (Fig 12) 

Comment — The advantages of not wiiing the jaws together are apparent 
The teeth could he easily cared foi by the patient himself The liquid diet 
was reduced to a shoi t time, so that the patient did not lose weight or become 
unhappy He could go about his work after the second week The wires 
being turned into tbe mouth prevented the formation of a sinus and gave 
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perfect healing Tlieie is no danger in bieaking the continuity of the mandible 
The neives legeneiate rapidly and the teeth do not lose their vitality This 
method peimits a careful perfoimance of the opeiation on the casts, with a 
definite knowledge that the paits will come together as desired Infections 
fiom openings into the mouth are, appaiently, not to be feared Neither 
patient was given any of the sulfa drugs 



Fig II — Case 2 Roentgenograms of lower jaw eight weeks after operation The fix 
ing apparatus had been removed together with the wires The union was firm enough to 
permit use, e\en though there was a little false motion 



Fig 12 — Case 2 Ten months after operation There is still some fulness in the soft 
parts, which is gradually disappearing The chin is now in a fairly satisfactory position 
Union IS firm 


CONCLUSIONS 

Operations upon the body of the mandible can be performed without 
dangei of peimanent loss of sensation or of the vitality of the teeth 

A simple budge attached to the teeth will hold the three sections of the 
mandible together satisfactorily 

Wire sutuie at the lowei margins of the cuts prevent a tendency of the 
posterioi fiagments to turn, and will not cause serious damage Fine steel 
u ire IS better than silver wire, since it has more strength in proportion to its 
diametei 

The author wishes to express his appreciation to Dr Meyei Eggnatz, who prepared 
the casts and made the appliances for the first case, and to Dr G W Gaver, who con- 
ceu ed the apparatus, and made the casts for the second case 
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Ralph G Caeothers, MD 
Cincinnati, Ohio 

“A SPRAIN IS WORSE THAN A FRACTURE” IS an expression one has often 
heard Scientific minded people ai e inclined to disregard all such old fashioned 
phrases as being of no significance However, the writer has come to regard 
these expiessions as having some meiit until pioved otherwise Of course, 
It IS not true that a spiain is woise than a fracture That would be ridiculous, 
but there have been many, many instances m winch an injury to an ankle or 
a wrist or shoulder was called a spiain, when some other lesion was piesent, 
and as a result, the simple tieatment for spiain was found to be inadequate 

The crux of the whole situation lies in diagnosis If an ankle is truly 
sprained, the lesion is a very simple one and will promptly respond to simple 
treatment The injury consists of sti etching of the external lateral ligament 
of the ankle joint with perhaps a lupture of a few fibers, but without complete 
rupture of the ligament, and without luptuie of the astragalofibular ligament 
Such a lesion, if piopeily stiapped \m11 give little further tiouble, should not 
have a tendency to recui, and, all-m-all, is a minoi accident 

Howevei, there aie many cases m uhich the external lateial ligament of 
the ankle joint is completely ruptured, the asti agalofibulai and tibiofibular 
ligaments are also torn, and m vhich the astragalus becomes dislocated There 
may be a very slight fiactuie at the lowei end of the fibula, oi the fibula may 
be intact The point, howevei , is that the lesion is pi imai ily a dislocation of 
the ankle, which has become reduced before being seen by the doctor and 
before being examined i oentgenologically Such a lesion, if tieated by simple 
strapping, will be stubborn The patient will not get v ell pi omptly, and even 
when he has returned to work, theie will be a tendency for the “spiain” to 
recur The patient will considei that he has a weak ankle Watson-Jones^ 
has pointed out that these aie the ankles which remain a little thicker and 
sprain easily 

Theie are seveial wa}s in which the diagnosis of this moie seiious lesion 
can be made The bleeding is always moie severe than m the oidinary 
sprained ankle, and consequently the swelling is gi eater The swelling may 
extend to the opposite side, although thei e will be no tenderness on the inner 
side There is, usually, in these cases, tendeiness over the anterioi tibio- 
fibular joint, as well as tenderness aiound the lowei end of the fibula, and not 
just below it Howevei, theie is one ceitain way of detei mining vhich lesion 
we are dealing with If a few cubic centimeteis of novocain are injected 
around the lower end of the fibula, that is, below and to the sides of the 
external malleolus, and then an anterior postei lor roentgenogram is made with 

* Read before the Southern Surgical Association, Pinehurst, N C, December 9-1 1, 
1941 
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someone holding the foot in as much supination as possible, one can easily tell 
whether theie is a tendency for the astragalus to dislocate or not If rotation 
of the astiagalus takes place undei these conditions, we are dealing with a 
partial or complete dislocation of the ankle, and not with a sprained ankle 
If movement of the astiagalus does not occur, then the ankle is merely 
sprained We have tried this maneuver without the use of novocain and 
failed to produce movement of the astragalus, but later, with novocain, did 
demonstrate the dislocation when the pain had been eliminated 

We, therefore, believe that one cannot be sure unless novocain has been 
adequately injected, and a real attempt made to supinate the foot before the 
roentgenogram is taken These cases, that is, those m which the astragalus 
can be rotated, cannot be adequately treated with strapping, but must be 
placed in a plastei encasement, prefeiably a skin case, with the foot neither 
supinated noi pionated, and at a right angle to the tibia A walking iron or 
heel can be applied eaily and the patient permitted to walk 

Sir Robert Jones, long ago, pointed out that it was impioper to treat a 
sprained ankle with plaster This is true if the ankle is meiely sprained His 
reason was that spasm of the peroneal developed, and the net result was 
spasmodic pronation of the foot However, we have not seen this occur in 
these more serious lesions Therefore, we would turn to the original state- 
ment that the whole crux of the situation lies in the diagnosis, followed by 
adequate treatment for whatever lesion is present The same remarks could 
apply to the employment of novocain If an ankle is merely sprained, novo- 
cain injection is a good tieatment, but if a more seiious lesion is present, it is 
entirely inadequate, and gieat damage will be done if the patient is peimitted 
to get about without pioper support 

We have had the oppoi trinity to make some expeiiments on two fresh 
cadaver specimens In one, a roentgenogram was taken with the ankle supi- 
nated as far as possible, and no dislocation of the astragalus was observed 
Then the calcaneofibular ligament was cut, again the ankle supinated, and this 
time a very trifling amount of rocking of the astragalus was demonstrable 
Following this, both anterior and posterior astiagalofibular ligaments were 
cut and, with a slight amount of supination, the astragalus was rotated 
markedly In the second case, we first cut the astragalofibular ligament with- 
out cutting the calcaneofibular ligament Again the astragalus could not be 
dislocated, but when the calcaneo-astragaloid ligament was cut in addition, 
severe dislocation occurred 

It appears, therefore, if this small number of experiments are of any value, 
that it is necessary for both groups of ligaments to be torn before the dis- 
location can occur 


REFERENCE 

Watson-Jones, R Fractures and Other Bone and Joint Injuries 2nd ed Baltimore, 
Williams and Wilkins Co , 1941 

Discussion —Dr Clay Ray Murray (New York, N Y) 
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like to take this oppoitiinity to expiess appieciation of the privilege of 
being )'OUi guest and of the pleasuic this occasion gives me I feel impelled 
to comment on one point m Doctoi Carotheis’ paper 

Doctoi Caiotheis has called attention to a very impoitant fact, that the 
recurrent spiamed ankle is not an oidinaiy sprained ankle, and that the exact 
diagnosis cannot be made without using special diagnostic measures But I 
think he has, moie oi less, “missed the boat” on the point of the exact nature 
of recurrent sprained ankle He has demonsti ated that cutting various liga- 
ments has the effect of pioducing instability in the ankle joint mortise I very 
much doubt, on the othei hand, that the astragalofibular ligaments are ever 
torn in these ankle sprains I know, however, that the ligaments of the 
inferior tibiofibular joints may be toin without any roentgenographic evidence 
of diastasis in the joint by the oidinary technic for ankle joint roentgenog- 
raphy, unless novocain is injected oi an anesthetic administered, and the 
attempt is made to spread the tibia and fibula apart by manipulation of the 
foot An actual spread, with tilting of the astragalus, can then be made evi- 
dent It IS my impression that this is the lesion with which we are dealing 
in the living human being in cases of i ecun ent ankle spi am, and I believe the 
tests described should be made in any fiesh ankle sprain in which pain and 
tenderness ovei the infeiioi tihiofibulai joint can be demonstrated, or in which 
a hemarthrosis of the ankle joint exists I must admit that there may be 
other combinations of ligamentous tear which might produce the same effect, 
but I assume Doctoi Caiotheis is discussing this type of sprained ankle as it 
occuis clinically, outside the autopsy room, and this is, I believe, due to the 
lesion which I have desciibed 

Dr George E Bennett (Baltimore, Md ) Doctor Caiotheis’ state- 
ments are quite tiue, and he has emphasized a proven experimental point, 
namely, that teaiing of ligaments is productive of serious disability I think 
It would be wise foi Doctor Carotheis to extend his research a bit further 
My impression is that some of the very seiious so-called sprained ankles are 
due to a tearing of the tibiofibular ligament and a spreading of the joint 
mortise I would like to suggest to him that after the division of the liga- 
ment, a roentgenogram be made with the foot in full plantar flexion and in 
full dorsiflexion, to ascertain the mobility of the fibula after the ligaments have 
become detached On a number of occasions I have opeiated upon joints of 
this type, reconstructing the tibiofibular ligament to relieve this painful 
relaxation 

Dr Isidore Cohn (New Orleans, La ) It is unfortunate, I think, that 
we often forget classic work done in the past Ross and Stewart, in Phila- 
delphia (1911), undertook to study the question of spiains and sprain-frac- 
tures, expel imentally As a result of their experiments thej'- concluded “The 
integiity of joints is maintained by strong ligaments, and in ordei to have a 
luxation one or more of the strong ligaments must give waj'^, we have shown 
that ligaments themselves do not give way, but the bony tissues to which they 
are attached give way, therefore, we think that probably all luxations are 
permitted by the primary occurrence of a sprain-fracture ” This experimental 
work was corroboiated by their clinical experience 

My own clinical experience has led me to feel that, m most instances, a 
sprain-fracture occurs rather than a laceiation of ligaments about joints I 
believe that the bony prominences to which the ligaments aie attached have 
less tensile strength than the ligaments themselves, therefore, when the arc 
of motion of a joint is carried beyond the normal range, a small fracture 
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occuis inoie often than a teaiing of ligaments I believe that most sprains 
occui in the mind of the doctoi and not m the body of the patient I believe 
that most sprains aie fractures and that, if we have i oentgenograms enough, 
in various positions, they will confiim this statement, as tiny fragments of 
bone can be demonstrated veiy often These tiny fiagments of bone break 
off moie often than we think 

I might lemiiid you that the leather hinges, which weie used at one time 
on the barn door, were held m place by nails, and if the door were torn away 
fioni the side of the barn the wood would break off before the straps would 
tear 

I believe it is worth remembering that ligaments have more tensile strength 
than the bony prominences to which they aie attached 

If we will study the cases carefully enough we will find that most of the 
sprained ankles are m reality fractuies about the ankle When in doubt, 
cases should be treated as fractures and not merely as lacerations of the 
ligaments about joints 

Dr Ralph G Carothers (Cincinnati, Ohio, closing) I feel highly 
honored that the shortest paper I ever read before the Southern Surgical 
Association has had so much discussion Doctor Cohn brought m some old 
farm problems, and I will bring in the sea A sailor will tell you that if a long 
rope IS fastened between boats which are moving, that rope will snap in the 
middle before it will injure the spar to which it is attached , but if you have 
a close-coupled situation you are liable to pull half the boat off You will 
probably snap the external ligament m which there is a lot of play, or, the 
other way, you may snap off the malleolus on the inner side 

Doctor Murray is right I have only had two fresh cadavers It is neces- 
sary to have a fresh specimen, you cannot wait until rigor mortis sets m 
Most patients will tell you they heard or felt something “pop,” whereas with 
an ordinary sprain they do not have that feeling, and one case looks as bad 
as the other when they come m 
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MASSIVE REPAIRS OF BURNS WITH THICK 
SPLIT-SKIN GRAFTS* 

EMERGENCY “DRESSINGS” WITH HOMOGRAFTS 

James Barrett Bromty, M D , 

AND 

Frank McDowell, M D 
St Louis, Mo 

FROM THE BEPARTMENT OF SonOLRl MASIUNCTON Elism SCHOOL 01 MEDICINE BT lODIS MO 

The repair of massive burns with thick split-skin grafts as may he seen 
in the illustrations is the mam subject of this repoit But because of new inter- 
est stimulated by a realization of the numbers of burns that may occui in com- 
batants and civilians, and queries such as by Dr Walters m the discussion, it 
has seemed possibly woith while to summarize, again, the piocedures that have 
already been found of value in tepairmg a good-sized senes of deep bums 
One fundamental of extreme importance is the geneial care of each indi- 
vidual patient and the avoidance of pain Bums seem so terrible to most 
people, and even more so with women and childien, subject to them from 
military attack, that a new dread is formed, and a point of morale comes 
up foi the military forces as well as the civilian This may he one of weak- 
ness in geneial, but it might be strengthened if it could he made known that 
burns and their deformities can and will be taken care of This point of 
morale must be important, also, in the enemies’ eyes, oi there would not be 
so much effort on hurn-producing tactics Besides the agony at the time of 
the burn, there is an added amount of it, if the patient does suivive, when 
the wounds gianulate and new nerve endings form 

Other summaries of this woik have been made,^“^'^ and quotations here 
are from them While it is recognized that little of the good that might be 
wished for has been accomplished, it still seems best to stait from what is 
already known There is vast room for improvement, but possibly the most 
good for the individual will come from hard work, cleanliness, gentleness and 
simplification of effort The expected new instances of burns will undoubt- 
edly stimulate investigation as to their prevention, as to the most direct care 
for the patient immediately aftei the bum, and subsequently m relieving de- 
formity The pathology may be slightly diffeient in burns from different 
causes, but the methods that have been found successful m repairing the re- 
sultant wounds in civil life can be applied to military casualties 

At tbe present time, with careful removal of grafts, so that prompt heal- 
ing of the donor sites occurs, most patients can supply enough skin foi then 
repair As many as five “crops” of thick split-grafts have been taken fiom 

* Presented by motion pictures before the Southern Surgical Association, Pinehurst, 
N C, December 9-11, 1941 
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the same donoi area, 220 square inches have been transferred at one time, 
and 600 squaie inches have been grafted m a single patient (Figs 1—4) 
As mteiest 111 the subject becomes more widespread, and as the possibilities 
of repair with thick split-giafts are recognized, new authors appear with 
woi th while conti ibutions, but often with the introduction of new terminology, 
and sometimes without realizing what already has been accomplished 

“When the full thickness of the skin is destioyed by a bum over a large 
aiea, an open wound lesults, and, unless theie is eaily replacement of the 
lost skin by skin giaftmg, healing will occiii by conti actuie of adjacent tissue 
and by ‘seal’ epithelium, 01 peimanent healing may nevei occui (Fig 4) 


A 



B 

Fig I — (A and B) Total loss of skin of both thighs and buttocks 
T\vent> six large split homografts from 26 donors used as ‘emergency dress 
mgs” befoie anj autografts were made, thought to be lifesaving in this 
instance Different grafts persisted from three to ii weeks 


Cme of open Wounds — “Almost any treatment that pi onuses as little 
woik as possible is apt to become populai , but, so far, no application has 
been found that will pioduce noimal skin and, when it is claimed that a 
ceitain pieparation will msuie complete healing without scarring, it is appar- 
ently not realized how healing occui s m superficial and in full-thickness losses 
of skin 

If there is rapid healing and return to function following a burn with- 
out much scarring or deformity, this simply means that the full-thickness of 
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the skin has not been lost, and that regeneration has occurred fiom the deep 
glands in the derma, much the same as occurs m the donor site of a thick 
split-graft 

“It has been observed that these stiuggling cells are easily killed by chem- 
ical, bacterial, or mechanical trauma Therefore, it appears that cleanliness. 



c D 

riG I ■ — (C and D) Total restoration of function, five operations 600 square inches 
of skin taken from back and abdomen — four “crops” from same areas and one “crop” 

19 days after the preceding: one Scars on donor sites hardlj noticeable Donor sites on 
back inadvertently cut off in the reproduction 

protection, and the avoidance of strong chemicals will best piomote this type 
of healing, and these objects of tieatment seem to have stood the test of 
time 

Open Swgical Diamage — This is the essence of local treatment, using 
soap and watei and saline dressings or saline baths (Fig 8) Chemotherapy 
IS added to this, and sulfadiazine or other sulfa-drugs are sprinkled on the 
area before saline packs or other dressings are applied The total dose of 
the drug per 24 hours, according to Perrin Long, should not be over 15 Gm 
a day for an adult Dressings may be kept wet, or open 11 rigations carried out 
with a I to 2 per cent suspension of sulfanilamide 
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The object, besides saving life, is to get the areas clean quickly, so that 
skin grafts can be applied before contractures have occurred, and befoie 
debilitation and pain have developed beyond contiol (Figs i, 2, 4, 8 and 9) 
When wounds are clean and free of cellulitis, the wet packs may be discon- 
tinued The wounds aie still cleaned at each dressing, and are sprinkled 
with sulfanilamide, and wiapped fiimly with fine-mesh gauze containing sulfa- 
diugs in an ointment or aquaphoi -like base, or an antiseptic ointment such 
as merthiolate The wet dressings are changed at least every 24 hours, but 



F 

Fig I — (E and F) Laborious, but necessarj, method of dressing, to in 
sure growth of grafts and healing of donor sites Fine mesh gauze roll has 
‘ snubbed” grafts in place 

the wounds may go longer with the grease-gauze dressing Any proven 
advance in chemical or biologic cleaning of wounds can be added to this gen- 
eral outline, but the important point is to recognize that mechanical cleansing 
and drainage aie essential for any plan and, also, that innumeiable antiseptics 
will be recommended 

Fme-Mesh Gauze — This is a fundamental m dressing all law wounds 
(Figs I and 7) The mesh of this gauze is No 44, and one or two layers of 
it aie placed next to all open wounds, so that gianulations will not grow up 
through the coarse meshes of overlying surgical gauze, stick, and cause pain 

661 




Fig 2 — (A) Total burn of band and forearm Patient intractable to the point of 
having had amputation considered (B) Total restoration with split grafts, ivithout repair 
mg deformitj One operation Performed with autografts at same time leg was coiered 
with homografts from father (C) Completelj healed oiilj two operations, with his own 
grafts from the back and abdomen Hand opened out and further grafting at second 
operation, when leg was covered with his own grafts (D) Donor site of horaografts on 
the father 
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Fig 2 — (E) Leg of same patient Ninety degree flexion deformitj from secondar> 
contracture Death may occur in this stage, and the ■\\ork of cleansing the areas and 
getting patient ready for operation, at times, seems insurmountable (F) Leg “dressed” 
in split homografts from father Complete “take” and co\erage, three a\eeks postoperative 
(G) Homografts still present after six weeks, but beginning to melt awaj Improvement 
can be measured bv the fact that the patient has opened his 90° flexion deformitj spon 
taneouslj Whole area restored later, in one operation, with thick split grafts from back, 
as shown in Figure 2 C 
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It may be used as it comes for wet dressings, or have greases incorporated 
111 it One of the easiest ways is to have the ointment soaked in a full roll, 
store It that way, and use it fiom the loll, especially for extremities Plain 
vaseline is not used because of a tendency to macerate, hut almost any powder 
in vaseline, sulfanilamide, xeroform, scailet red, boric, etc, will prevent 
maceiation of the skin 


A 




B 


Tic 3 — Cutting large, thick split grafts (A) Verj large grafts can be obtained 
from large patients One graft, 36 inches long and four to five inches wide is seen held 
above the patient Another one is being detached 18 inches long and fi\e inches wide 
(B) Donor site of a single large thick split graft Total amount renioaed at this operation, 
220 square inches Same patient as Pigure 4 


Fv m Pi essui e oi Elastic Di esstng — This may be of gi eat advantage , and 
discolored, edematous granulations may be flattened out into a firm, bright 
led suiface without cauterizing oi cutting them away Cotton mechanic’s 
waste may be incorporated in the diessmg as a medium of piessure (Figs i 
and 7) i 

Saline Bath — This bath of all or pait of the body has often been a life- 
saving measure , many patients are extremely grateful for the bath and realize 
their first comfoit m it The bath is not easy to manipulate (not even pos- 
sible some places), but its technic is not as difficult as it sounds, and it may 
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be the easiest way to get the cleansing done The watei is kept comfortably 
warm, up to 5 per cent salt may be used and cleanliness but not sterility is 
aimed at Soap cleansing and gentle debridement of dead tissue can be done 
with less pain when the patient is m the bath If there is any unfavorable 



A B 

Fig 4 — (A and B) Repair of huge burn scars and ulcers of 
legs ivith thick spilt skin grafts, transferring 220 square inches at 
one operation Same patient as Figure 3 

leaction, it is omitted The bath may have the important lesult, that most 
secondary contiactuies will be straightened out by the voluntary effoit of the 
patient without the use of tiaction oi restiamts (Fig 8) 

When out of the bath, fuither fine-mesh gauze dressings, either wet or 
gi eased, aie used, and a coveied bed makes nuising easier Oveihead lights 
may supply waimth, but too much heat is not advisable 

Laigc open loounds sccin impossible to stciilicc, but caieful evaluation of 
the general condition and of the gioss appeal ance of the gianulations, sur- 
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lounding tissues and the absence of cellulitis usually suffices foi the deter- 
mination of the time for opeiation, and many deep burns aie ready foi 
grafting m thiee weeks’ time In them, geneial debilitation is worse, the 
fluid loss IS, of couise, greatei , theie is more chance of deformity and more 
chance of damaging some undei lying stiucture in the opeiation, so that a veiy 
large wound, from the possibilities of lepaii, does piesent many of its own 
problems not so tioublesome m small wounds 

Bacillus pyocyaveus is veiy frequent in laige wounds, especially if they 
have been uncleaned ovei a long peiiod, and though it does not appear to hurt 
the patient oi the wound, it is exceedingljr bad foi skin giafts If the open 
suigical drainage and sulfanilamide does not suffice, then being sure to get 
lid of all caked debris with soap, watei and foi ceps, and the application, one 
01 two times a day, of 5 pei cent gentian violet 01 meicurial antiseptic may 
help 

Injected tannic acid nienibi anes occui in piactically all deep bums wheie 
this tieatment has been used, and the disposal of the membiane and control 
of the infection is always a pi oblem The membrane may be opened m several 
places and any loose aieas detached and then powdeied sulfa-drugs and packs 
used as outlined above, 01 the diug in ointment applied, if theie is not too 
much discharge and cellulitis Open suigical drainage plus chemotheiapy, 111 
othei words, is again the tieatment If one thinks that toxins might be 
released by the soaking of the membiane, Itypei tonic saline could be used If 
the tannic membiane is clean, as it may be on a superficial part of the burn, 
it may as well be left until it diops off, even if this takes seveial weeks, because 
cutting or pulling it off only distuibs the healing 

While on the subject of infected tannic membranes, it may be well to state 
that bums of the hands and face and the genitalia do best with open suigical 
diainage treatment fiom the start Any treatment any place in the body 
should be preceded by caieful cleansing with soap and water, debiidement, 
and ether as a solvent if necessaiy, and all bums could be tieated with open 
surgical drainage and chemotherapy This is important in the areas men- 
tioned , because the hands should be allowed movement and grafted early , the 
face seems to heal best and lapidly with open drainage, and theie is not so 
much chance of damage to the eyes , and the genitalia almost always requii e 
open diamage anyway, if the bum is deep 

The geneial condition of the patient is diiectly 1 effected in the wounds, 
and, of course, should be considered pmnaiily in all instances Gentleness in 
all manipulations is alwa)fs an essential of the care In this stage, anemia is 
usual!)'- piesent, and fieqiient -whole-blood tiansfusions may be necessary 
Adequate diet, piotein, and vitamin intake aie important For infection that 
IS not controlled with the local tieatment, sulfanilamide is given by mouth as 
indicated 

Thick split -skill giajts of fiom one-half to tin ee-foui ths of the thickness of 
the w'hole-skin are the most useful in making repaiis of law surfaces These 
could be called “thick OUier-Thiersch grafts” but the 01 igmal Ollier-Thiersch 
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Fig s — (A) Thick split graft of about tluee fourths of the full thickness of the skin (B) Full 
thickness of the same skin — same magnification (Ollier Thiersch grafts were supposed to be cut clear 
up, just under the epidermis ) 




6 ^ 












6 — (A) Tuoda-s old donor site of thick split graft, iMth no surface epithehum 
(B) Same donoi site sf^ dais after thick split graft had been remoied, showing complete 
surface coverage, with squamous epithelium, “dedifferentiated” from the deep parts of the 
hail follicles 
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graft was cut just thiough tlie papillaiy layei of the epideimis, which makes 
It very thin without any deima Howevei, the pad of deima happens to be 
a most important pait of a skin giaft and to avoid confusion, the term “thick 
split-graft” seems most descnptive (Fig 5) 

When laige aieas aie to lie coveied, it is necessaiy to obtain laige thick 
grafts without cutting entirely through the dei ma, so that healing of the donor 
site can occui lapidly, without leaving any further defect The deep glands 



Fig 7 -i-(A) Fine mesh roller bandage of 4 per cent sulfamhmide m an aquaphor like base Split 
graft sewed on, overlapping the edges and mattressed over surface (B) Cotton mechanics waste as a 
medium of pressure (C) Donor site of thick split graft, with derma intact (D) Fine mesh scarlet red 
gauze just over the defect (E) Donor site carefully protected from mechanical, bacterial and chemical 
trauma (F) Whole leg, with firm pressure dressing and joints immobilized 

left behind in the derma of the donor site “dedifferentiate” into squamous 
epithelium, and cover the surface in fiom six to eight days This is shown, 
microscopically, in Figuie 6 It is an interesting study in wound healing and 
IS comparable to the healing of supeificial burns It is piobable that this heal- 
ing occui s from the hair follicles exclusively 

There must be careful piotection of the donoi sites, and these are dressed 
with fine-mesh 5 pei cent scarlet red ointment gauze, 01 other suitable oint- 
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ment, and aie suppoited careful!}'' with adhesive to avoid mechanical, bac- 
terial and chemical tiauma (Fig 7) The diessmg becomes soaked with 
serum, but is left on fiom 10-12 days, at which time it should come away 
and complete healing have occuired In excessively laige lemovals this added 
loss should be taken into consideration and whole blood transfusions aie often 
required If the giaft has been cut through the deima, or if chemical, bacterial 
or mechanical trauma has occuri ed, many new epithelial cells ai e killed and heal- 
ing IS delayed from three to ten weeks This is comparable to an infected 
tannic acid membiane on a supeificial burn 

CutUng TJnek Sphf-Skin Graffs —The most necessary equipment is a 
very sharp long knife of the amputation variety Laige grafts may be cut 
rapidly, and the laiger they aie, the moie easily they may be applied, grafts 
up to 5x18 inches may be obtained fiom suitable thighs, even longer ones 
can be obtained fiom some patients (Figs 3 and 4) With some practice, 
the thickness can be easily giaduated with free hand-cutting, and the thickness 
of the giaft should depend on the relative full-thickness of the skin of the area 
This thickness vanes greatly in dififeient paits of the body and m different 
patients, so that a set-thickness cannot be desci ibed for this graft The essen- 
tial thing IS that it be cut thick, but not too thick, to prevent the donor site 
from healing promptly 

The derma of the skin of the back is much thicker than anywhere else, and 
for this leason, it is one of the best souices Grafts foi most raw surfaces, 
taken from the back, do not have to be cut over one-fouith to one-half the 
thickness of the skin, and by being caieful, as many as five “crops” have been 
obtained from the same donor aiea when fiee-hand cutting has been done, 
and a second “ciop” has been taken as eaily as 19 days after a previous one 
Thick deimatome giafts do not peimit this 

With mechanical aids, such as the dermatome, the suction retractor, or by 
elevation of the skin with laige tenacula, faiily large grafts may be cut, even 
from the abdomen, but care has to be exercised not to cut through the derma 
The del matome may be an advantage for one who is not used to removing split- 
grafts fiee-hand, and in children when the thick skin of the back is available 
Ihe free-hand method is the fastest method, and any time saved is often a great 
advantage 

Application of Thick Sphf-Skin Grafts — These grafts are applied to the 
prepaied area, and held at about noimal skin tension with No 000 silk sutures 
all around and with multiple mattressing sutures over the sui face In suitable 
areas, the giafts may be spread out and then “snubbed” in place with a sterile 
fine-mesh lollei bandage (Figs i and 7) 

If the gianulations aie new, flat, not edematous, and aie otheiwise briglit 
red and healthy, the giaft may be placed light on them It is usually better to 
caiefully shave the gianulations down to a smooth, yellow base with a large 
sharp knife and then apply the giafts The granulations are ncvci set aped 
away If cutting them ovei a laige area wall cause too much blood loss, it is 
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omitted It IS probable that a light dusting of sulfanilamide over the wound 
before the giaft is applied is woith while, and it apparently does not hinder 
the growth of the graft 

Piessiae Dtessuigs on Gjajts — single layer of fine-mesh gauze with 
4 per cent sulfanilamide ointment, oi othei suitable gi eased gauze (merthiolatc, 



c 


Fig 8 — (A) Open surgical drainage as primarr treatment of deep burns Saline bath 
and fine mesb gauze dressings as outlined (Saline low m tub for picture ) (B) Total 

loss of skin from thighs (C) Restoration left, one operation, with thick split graft, re 
quiring general anesthesia Restor ition light one operation with small deep grafts, with 
local anesthesia This leg was si\ months behind the left one in final iecoaer> 


4 per cent xerofoim, or scarlet led) is placed smoothly over the giaft and 
pressure is obtained over the area with mechanic’s cotton waste, bound on 
fiimly with heavy gauze rolls The application of piessuie tb the dressings is 
a fundamental, and as important as any other opeiative step This cotton 
mechanic’s waste can almost entiiely leplace marine sponges as a medium 
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of piessure, it is bettei in most places, and is a gieat deal cheaper. A good 
grade is used, and is obtained from plumber supply sources, as none of the 
gauze companies prepare it (If contamination is thought to be marked, a 
wet pressure diessing can be used ) (Figs i and 7 ) 

Subsequent Caie of the Giaft—li satisfactoiy, the diessmg is to remain 
fiom foui to SIX days It can then be changed, the sutures removed, and the 
excess edges tiimmed away If the area is clean, the same type of diessmg 
IS reapplied and then changed as necessary Blebs are trimmed away, 
hematomata aie opened and, if there is infection, sulfanilamide applied locally, 
and wet (but film piessuie) diessmgs are applied and changed each day 
Later on the greased gauze resumed 

Full-thickness giafts are not placed ovei laige raw surfaces because the 
size required is prohibitive, and the “take” of a full-thickness dissected giaft 
IS not as certain 111 contaminated fields as that of the split-graft This giaft is 
used in late defoimities, especially foi areas not covered by clothing. For this 
reason, it is important to save a donor site on badly burned patients, if 
possible, so that smooth full-thickness giafts may be obtained when final opera- 
tions are to be undertaken about the face and neck 

HOMOGRAFTS AS EMERGENCY “DRESSING” FOR WOUNDS 

It may be a life-saving piocess to go to the trouble of applying large 
sheets of split-homogiafts 111 patients who cannot stand a long operative 
procedure, and who are “slipping” daily fiom debilitation and pain Homo- 
grafts take almost as w^ell as autografts, and survive fiom three to ten weeks 
Duiing this period, the patient is given a respite fiom pain and dressings, his 
general condition picks up, and theie is a stimulus to his own epithehzation, 
so that complete healing even may occur after absorption of the grafts This 
notable increase m wound healing has caused some observeis to think that 
homografts suivive peimanently The giafts absoib m a rather clean fashion, 
just fading away fiom the third w^eek on, without infection usually, and leaving 
a clean granulating base (Fig 2) 

There does not seem to be any relation of the “take” of a homogiaft to 
the blood group, even though the blood has been grouped dowm through the 
M and N groups If these grafts could be gotten to survive, one of the 
greatest pioblems in plastic suigeiy would be solved (Fig i) Homografts 
m identical twins have been showm to suivive peimanently, experimentally, 
and if a twin w^eie burned, homografts from the othei twin could be used, 
w'lth a good chance of their suivmng 

Ea)ly gtafttng of hums and of he} zuounds It is assumed that most ob- 
seiveis beheie that the eailiest possible grafting of open wounds is advisable 

and that the piiinai} excision and grafting of bums may be applicable 
occasionally 

Repavs of Conti aciJons — ^The repair of fiesh ivounds that have not had 
time to contract cannot be completely sepaiated from those that have con- 
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Fig 9 — (A) Unhealed burn after sexeral months with dirty, crusty 
wounds, and consequent intractable pain Dirty, inadequate coarse mesh gauze 
dressing (B) Cleaned up Grafting of raw areas first, to control pain and 
infection Later corrections yyith more free skin grafts 



A B 


Fig 10 — (A) Contracted axilla opened because of a dirty sinus, deep m 
the scar (B) Total restoration of function haaing persisted through an ii 
year growing period — 22 1 square inches of thick split grafts transferred to 
cover chest, back, arm and entire axillary region Two graft operations 


I 
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tracteci, as this, of couise, depends on when the patient is fiist seen or how 
soon he can stand opeiation The open wound lequires just grafting, while 
the conti acted one lequires lelaxation and lestoiation of parts of then noimal 
positions Sometimes, of couise, both have to be done, but if there is an open, 
dirty wound ovei pait of an aiea, and a flexion deformity along with it, it is 
often best to obtain healing fiist by grafting the open aiea and considering 
the deformity later, rather than opening into a clean flexion area through a 
dirty suiface, or a dirty sinus may be opened and cleaned up befoie any 
grafting is attempted (Figs 4, 9 and 10 ) 

The patients illustiated are not so much case reports, as to show examples 
of the vaiious points listed in the papei Long histones and details are 
omitted because the oiigmal premise is thought to be true — that these repaiis 
of massive bums can be undei taken successfully and in a faiily acceptable 
routine manner, and that the labor lous use of full-thickness gi afts and pedicle- 
flaps can be avoided in many instances 
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Discussion — Dr John Staige Davis (Baltimoie, Md ) This paper of 
Doctor Bi own’s has been exceedingly interesting, and the exti aoi dinarily fine 
results we have seen illustrated aie excellent To covei these enoimous burns 
with great sui faces denuded of skin, a number of laige thick split-grafts, 
equaling the defect 111 size; can be cut and sewed together, 01 applied singly 
It must be realized, however, that when that amount of graft is taken from 
the surface of the skin, one is doubling the size of the denudation of the skin 
surface The grafts act as a diessing only, for a peiiod of a few hours until 
healing begins 
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I would like to ask Doctoi Brown whethei the great increase in the size 
of the denuded area caused hy cutting these large gi afts has had any upsetting 
effect on the patient 

Dr Waltman Walters (Rochestei, Minn ) Would it be possible for 
Doctoi Brown to speak a little about the management of these cases, for the 
benefit of those of us who do not know so much about plastic surgeiy If he 
could do this I believe it w'ould be veiy welcome 
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The human race has thiough the ages looked for some panacea which 
would bring relief foi all its ills This applies most particularly to physical 
defects, defoimities and disease Each age found its best savants and students 
so engaged 

The earliei advances were veiy slow — the lesult of the difficulties of tians- 
poitation and the lack of contacts Centuiy after century passed, each adding 
but limited knou ledge Its gi adual growth was inoi e oi less constant Always 
the seaich began Avith inattei , its foimation, its elements and their changes, 
which weie most impiessive not only to the eaily investigators but continue 
until this day Each individual seal died m the paiticulai field \\hich most 
impiessed him To see the mind of a child unfold even at piesent is lemaik- 
able, and the difference in the aleitness, the quickness of peiception and 
tenacity of memory m some children as compai ed with the dulness, slow pei - 
ception and inability to giasp ideas m otheis, at once brings the question of 
wdiy this is tiue So in adults every mind will produce bettei lesults if di- 
lected in its natuial bent The psychologists have long lecogmzed this fact 
Eveiy man wdio handles large groups of individuals notes and employs this 
idea to get the best results 

First, m the older of development, came the effoit to obtain physical com- 
foit Food was necessary to sustain life and the seaich for it is noted m eveiy 
foim of organism fiom the lowest and smallest to the laigest and most com- 
plicated 

Eveiy outside influence upon life piocesses natuially impressed the indi- 
vidual The matenals contacted bi ought matter to his attention Land, sea, 
and the simplei elements, watei, an, fiie, and the physical change m then 
foim and stiuctuie excited the cuiiosity of man Light and daikness, heat 
and cold, each brought wondei and the desiie for knowledge to the active 
biam It is not possible that all these things w^eie taken by evei}one as a 
mattei of couise Theie weie bound to be some wffio desiied an explanation 
of these phenomena 

The contest with the elements lesulted m the foimation of communities for 
defense and piotection It is not remarkable how slow was the inciease m 
knowledge but how w^ondeiful and gradual was its development It is the 
geneial belief that facts reach the individual and the community wdien they are 
pi epai ed to i eceive the inf oi mation 

This discouise is held to call your attention to medical progiess through 

^ Read before the Southern Surgical Association, Pinehurst, N C , December 9-1 1 
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the eia of mythology and tiadition, mysticism and fact, the darkness and 
confusion of the middle ages, the progress and illumination of the later days, 
the eiiois m leasoiimg and conclusions in many instances, and the manner m 
which each increase m learning unfolds Much stumbling occuired m eveiy 
blanch of science, but this brought, m eveiy age, demonstration and proof of 
the coirectness of ceitam ideas 

^^'^e desire only to mention the eaily wi iters on medicine, alchemy, chem- 
istiy, anatomy, physiology and histology, to make you realize just how much 
we owe to these investigators 

“Reading maketh a full man, confeience a ready man, and writing an 
exact man ” Could one realize the increase in knowledge contiibuted by each 
geneiation as time progresses, the result would be surprising Excursions 
through the literature always bring to the leadei an admiration foi the early 
investigatoi s Oui study here of the early years must natuially be sketchy 
and only mentioned to call yotii attention to the outstanding facts established 
as the final lesult Much of the knowledge has been obtained by accident 
after prolonged hours of study The desciiption given by Kekule of how the 
benzene iing came before his consciousness m a half dieam state after a long 
conference with his friend, Muellei, and of its latei confiimation m the light 
of cold leason, is illuminating The same is tiue of the accidental discovery 
by Su William Ramsay of the beautiful mauve color which lesulted when he 
was about to thiow into the discaid an ugly, muddy mateiial at the end of 
a day’s woik, but decided to poui alcohol into the flask when suddenly the 
beautiful coloi appealed Fiom this incident came the aniline dyes and the 
many chemical combinations including the sulfonamide gioup so valuable m 
pneumonia and other infections 

In my search of the hteiature it has been necessary to quote fieel}’’ from 
The Doctoi in History, by Howaid W Haggaid, Yale Univeisit}'- Pi ess, 1934 
I have leceived much infoimation and wish to give the author and the 
publishers my thanks foi the pei mission Ciedit must be given also to 
Dr Henry E Sigenst, the editoi of Ameiican Medicine, and to its pubhshei, 
Yale University Press, 1934 In the fiist paiagraph of his pieface Haggard 
says “Daudet, piesumably with a view to then moral sophistication, wiote 
Sapho foi his childien to read when thej'^ weie twenty-one Chesterfield wrote 
his letters m the inteiest of his son’s social elegance I know nothing of the 
effect on Daudet’s children , Chestei field’s son did not appear to benefit 
Neveitheless, hopeful, as parents will be, I have followed the example and 
wiitten this book foi my children Not, let me hasten to say, foi their morals 
01 their manners Pei haps it is a reflection of changing times, 01 possibly 
meiely of my own interests, that I am frankly concerned less with these 
mattei s than I am with some othei aspects of then education and their health 
— especially their health What I have tiied to wiite for them is a history of 
health ” 

Cl edit must be given to the many wiiteis and histoiians for what occuried 
in early Eg}'ptian and Greek medicine The very eai ly stoi les are sun ounded 
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by uncertainty and are full of legendaiy and at times impiobable statements 
Tbeiefore, they have largely been omitted and we have attempted to include 
only wi itten statements which have the semblance of truth 

It is not suipiismg that m the eaily years foi a numbei of centuiies the 
Chuich was closely involved with medicine because it was far advanced in 
education and mteiested in human welfare For a time the cleiics practically 
conti oiled the practice of medicine 

As superstition lessened under advancing knowledge lehgion increased in 
power and the prelates of the Chuich were the foremost students of that 
period It was the natural function of the Church to succor the sick and 
care for the indigent Hence, men interested in medicine and in surgery 
sought knowledge where it was most advanced The eaily Egyptians were 
learned m medical lore, and from Aiabia and Peisia came rumors of wealth 
and wonderful cures of disease, finally leachmg Greece and Rome The 
conditions led to attempts by one country to overcome another and to obtain 
its wealth and its knowledge Then wars brought more information and 
developed in addition to medical lore the necessary knowledge of surgery to 
care for the injured soldiers Epidemics and plagues resulted, giving a stim- 
ulus to medical search for pievention and cure The names so engaged are 
legion Credit is given to Hippociates, of Cos, for bringing medicine from 
speculation and super stition to the realm of fact He not only contributed to 
the history and symptoms of disease, but recorded the history of his cases and 
gave methods for opei ation upon sui gical lesions In his wi itmgs he describes 
the Hippocratic facies, so well known to all practitioners Naturally he was 
not so positive as Galen and others who had more facts to guide them The 
value of recording symptoms, the time of their appearance, and the changes 
occurring with the methods of treatment first came into use, and to-day the 
value of the history of the patient is recognized It has become well estab- 
lished in the recognition of a hospital as meeting the requirements foi the 
mstiuction of interns, house physicians and surgeons 

“Hippocrates with his honesty, his insistence upon clear reasoning, and 
upon obseivation of facts, rather than speculation expresses the ideal of our 
modem medicine In the eaily years studies in anatomy weie not easy of 
access because of prejudice against distuibing the dead, particularly in Egypt, 
and cadavers could not be obtained Occasionally skeletons were found for 
the study of osteology The Greek army after the death of Philip, of Macedon, 
undei the command of his son, Alexander the Great, completed the conquest 
of Persia and the whole Eastern world as far as India” He founded the city 
of Alexandria and placed the first Ptolemy as its ruler “With the army 
'H'ent scientists to collect information from every country for Aristotle’s great 
books on natural Iiistoi y ” A great museum and library were erected at 
Alexandria, and a vast number of manuscripts of Greek scholars were col- 
lected Alexandria became famous as the great seat of learning m all branches 
of study including medicine “People came from every part of the world, 
beliefs were mingled, old religions were discarded and new ones grew up” 
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Here Herophilus made dissections of animals and wi ote a textbook of anatomy 
which was really a scioll, a hand-written manusciipt Following the con- 
quest of Alexandria by the Peisians undei Camb}ses, Imhotep, ivith a repu- 
tation mci easing foi 2,000 3'’eais after his death, had become a god — tbe 
Egyptian God of Flealing and Medicine “The temples wheie he ivas ivoi- 
shipped were m a way hospitals and weie schools of medicine and magic” 
“These piiests wiote on papyius of the diseases they saw and the treatment 
they gave ” “These temple papyii iveie the hist wuitten lecords of medicine 
— the fiist medical books” “The Greeks weie open minded, lespected the 
gods of all people but gave none a inofound leveience” “When at length 
their sailois and merchants came to Egypt, they saw in Imhotep not a rival 
deity but then own God undei a diffeient name They called him Imuthes 
and linked his name with then owm God of Healing, /Esculapius ” Accoiding 
to Haggaid, “Egypt had reached the peak of its civilization and was declining, 
d3nng ” Its ait, its architectui e, its hteiature, had become foimal — un- 
changing 

“But this counti3'^ of tombs and mummies became wuth the passage of 
centuiies a vast stoiehouse of wisdom from which othei and youngei civiliza- 
tions, moie piogiessive, w^eie to leain something of the mysteiies of life and 
death, of health and disease ” 

The Anatomic Era began with Heiophilus (335-2S0 b c ) and continued 
to the time of John Huntei (1728-1793 ad ) , during the gieatei pait of this 
time but little pi ogress was made in anatomic studies because of the difficulty 
in obtaining dissecting material This limited the number of students of 
anatomy It was not until the i6th centuiy that Andieas Vesahus w'rote the 
first tiue human anatomy, based on actual dissections, yet all tbe teachers of 
anatomy said that it could not be correct because it diffeied fiom Galen 
Some went out of their way to nutate and embairass him lie became so 
indignant that he buined his manuscript, quit anatom3’’, left Padua, and became 
physician to Empeior Charles V While isolated at the court some mild 
mquiiies weie made to see if he weie coiiect, and it w^as found that he w^as 
Vesahus was soon forgotten, a fact which caused great disappointment in his 
life, entirely undeseived, yet not so tragic as the tieatment accorded Ignatz 
Philipp Semmelweis in Vienna 

For years physicians in England and in Fiance took the position that it 
was beneath their dignity to be asked to do any of the menial woik in the caie 
of the sick Then attitude was that their superioi knowledge of disease, and 
their diagnostic acumen, placed them m a class by themselves Their College 
of Physicians would not permit a barbei suigeon or suigeon to be elected to 
membei ship “The physicians looked wnth contempt upon surgeons , few edu- 
cated men cai ed to take up this branch of medical stud3'^ ” “The lack of 
knowdedge of Latin, because they had not studied in the Universit3'', placed 
them as sui geons of the short robe ” Pare, who accomplished some remark- 
able feats in suigery, belonged to this group He was one of the first to 
combat the idea that the surgeon was a menial and infeiior to the ph3'sician 

678 



Volume 115 
IV umber 4 


TRENDS IN SURGERY 


In 1536 Paie went with Maishal Montejan as his legimental snigeon “I 
was at that time,” says Pare, “an tinti led soldiei , I had not yet seen wounds 
made by gunshot at the fiist dressing It is tiue that I had read m Jean Di 
Vigo that wounds made by fiiearms were poisoned wounds, because ol the 
powder, and for their cure he commanded to cauteiize them with od of elder, 
scalding hot, in which should be mixed a little theiiac, knowing that such a 
thing would bung gieat pain to the patient, I wished to know first how the 
other surgeons did for the fiist diessmg, of whom I took coinage to do as 
they did At last my oil lacked, and I was constrained to apply in its place 
a digestive made of the yolk of eggs, oil of loses, and tuipentme That night 
I could not sleep at my ease, feaiing that by lack of cauterization I should 
find the wounded, upon whom I had failed to put the oil, dead or poisoned, 
which made me arise eai ly to visit them, where beyond my hope I found those 
upon whom I had not put the oil feeling little pain, their wounds without 
inflammation or swelling, having lested faiily well thioughout the night, the 
otheis, to whom I had applied the boiling oil, I found feveiish, with gieat pain 
and swelling about their wounds Then I resolved, with myself, never more 
to burn thus cruelly poor men wounded with gunsliot ” 

Paie was a born surgeon, with a tempei ament suited to his calling As 
shown in the above nairative told by himself, he had the milk of human kind- 
ness in his soul and a desire to seive He followed the leaders as far as his 
judgment peimitted but did not hesitate to change his plan of tieatment when 
the need arose A surgeon never soai s to great heights when bound by a rule 
of thumb He always remains an imitator and not a master of his art 

Pare had surgical instincts and rare judgment , he restored the use of the 
ligature to control hemorrhage, which had been used centuries before by the 
Romans but was discontinued By this method secondary hemorrhage was 
less frequent than from the cautery or boiling oil, and it is the safest method 
for this purpose today 

William Harvey (1578-1657), a graduate of Cambridge, went to Padua 
and leceived his Doctorate m Medicine m 1602 He made a calculation, m 
1618, that two ounces of blood passed through the heait with each beat 
“72x2 ounces, 144 ounces a minute , 540 pounds an hour ” “Absurd to 
think that the body produced that much blood There could be only one 
answer , the blood circulated ” In the seventeenth century came the first 
transfusion of blood, and considerable debate occurred as to what would 
happen to the character of the recipient At present more interest is taken in 
the immediate result to the reaction, and the incompatibility In those eaily 
days there was no knowledge of microbic infection with suppurative organisms , 
nor was lues, the serious social evil, then discussed publicly in the forum or 
drawing room Men said that Haivey was wiong because Galen found it 
otheiwise On the other hand, Seivetus called attention to Galen’s mistake in 
this matter, pointing out what he thought errors in religion, a very unwise 
thing to do “Servetus was buined to death in 1553 ” The work of Harvey, 
and the two Hunters somewhat later, determined opinion on surgery of the 
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blood vessels and opened a wide field in eveiy portion of the body The 
lepaiative power of the blood vessels is not sui passed by any stiucture, not 
even the pei itoneum nor the lung Stab wounds of the heart closed by suture 
have been known to heal completely within 17 hours, the patient dying of a 
concurient injuiy One by one eveiy field of the body has come within the 
reach of suigeiy of to-day The abdominal aorta has been opened in planned 
operations a number of times, not often with success but enough to demon- 
strate Its possibility Death may occui fiom othei emboli and the wound m 
the aoita is found healed Embolectomy of smaller vessels has been success- 
ful Sutures of arteries, in then continuity, after tiaumatic ruptuie have been 
safely completed aftei lepeated failures, as was the case m the fiist vesico- 
vaginal fistula which made James Alarion Sims famous The best men in all 
ages have failed, and so repoited, but continued then efforts until their task 
was successful Clots weie lemoved fiom aiteiies in then couise, both fiom 
peripheral and pulmonaiy vessels with a diminishing mortality A'latas, by 
his aneurysmoi rhaphy, m 1888, systematised it m 1902 thus he made a great 
contribution to the suigeiy of the vessels By this opeialion it was hoped to 
restoie the circulation without impanmenl of the nouiishment of the limb 
The studies of Pasteui, Koch, Belli mg and others of microbes and then 
place in fermentation and suppuiation opened a new line of thought The 
views expressed by the bacteriologists that minute living organisms caused 
both fermentation and suppuiation in wounds were not at once accepted It 
was my good foitune, immediately upon giaduation, to heai the debate on 
each side of this question Joseph Listei was one of the first to accept this 
view as a fact and no longei a theoty He claimed that the only way to 
overcome this contamination was by the use of carbolic spiay about the wound 
and in the an of the 100m The hands of the surgeon and all of his assistants, 
with all others coming into contact with anything used m the operation, weie 
placed in dilute carbolic solution after being thoi oughly scrubbed His paper 
was published in 1867, and dining the next decade he gamed consideiable 
reputation and was knighted His antiseptic method worked well but le- 
quired too much paraphernalia All Lawson Tait soon proved that equally 
good results could be obtained by simple kitchen cleanliness This method 
was piomptly adopted by the whole medical profession The proof of the 
coirectness of the view that pus production in wounds lesulted from bacteria 
was so appaient that the debate here rested on the question of whether the 
views of Lister or of Tait would pievail Gerster’s book came to my atten- 
tion, and the younger men followed and accepted the idea that this was no 
longer a theory but a fact We soon became converted to Tait’s view of 
asepsis and found the results to be satisfactory 

Then American surgeons took the lead and made many new advances in 
technic, employing lubber gloves, and covering the head and face with a 
cotton hood, and showed fine records in new fields Thei e wei e some changes 
in operative methods and the preparation of the field from time to time Soap, 
water and alcohol made preparation of the wound simple and satisfactory It 
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was found m several clinics that too much scrubbing diminished the resistance 
of the skin, and this was given moie care and less energy, because soap and 
water made the preparation too “sloppy” and at times left the patient wet, the 
trend simultaneously throughout the country was to employ a 3 5 per cent 
iodine solution This method was time-saving and left the field dry, and was 
in vogue for a considerable time Because of a few cases in children where 
the solution was too stiong — producing blisters — 70 per cent alcohol was sub- 
stituted, with success At the present time most clinics have adopted alco- 
holic solution of meithiolate for this purpose During this peiiod the progress 
m surgery m this country was remarkable 

On my first trip abroad, m 1900, Sir William Macewen, whom I consider 
one of the best surgeons of my acquaintance, used the same technic then m use 
here In Edinburgh, a few hundred miles away, the contrast with the 
technic m the clinic of Sir John Anandale was noticeable The latter was a 
fine surgeon^ of the old school who had not yet adopted the new methods 
Macewen and Sir Victoi Horsley, m London, using the same technic, were 
opening up cerebral suigeiy and by their obseivations were contributing much 
to the knowledge of the physiology of the brain 

On the continent I found the same high-grade type of work m Beine, 
where Dr Theodore Kocher was undertaking the largest and most successful 
surgery on goiter, and it was a pleasure to watch him work He used many 
silk ligatures m the neck, which I have never found it necessary to employ, 
but his results wei e excellent There are some surgeons here who seem to be 
drifting back to the use of silk sutures instead of catgut, which has always 
served me so well They may be coirect but my experience makes it doubt- 
ful, and I should advise a change m the make of catgut, which will probably 
remove any objections they may have to its use for sutures or ligatures 
There will probably be a number of mmoi changes m technic fiom time to 
time, but, in the main, the geneial tiend is towaid uniformity in piactice, 
especially in this field, which has become greatly enlaiged within lecent yeais 
The greatest changes have occurred since 1900, when I found Macewen 
and Victor Horsley opening up new fields in cerebral surgeiy, and these 
changes have been remarkable Notwithstanding the fact that a number of 
medical men of ability claimed that further advance would be only in the field 
of technic, it has been disproven by the increased knowledge of function in 
the different portions of the brain, and by the remaikable results m the treat- 
ment of tuberculosis Moreover, it is tiue that a great increase m our 
knowledge of pulmonary diseases is the result of marked improvement in 
methods of roentgenologic examination It appears that the progress con- 
tinues about the same m every field of medicine 

A remaikable change followed the communication of Oliver Wendell 
Holmes on the contagiousness of puerpeial fevei, m which he made the state- 
ment that this disease was the result of miciobic poison earned to the patient 
in childbirth This contention was also made a little later, most vigorously, 
by Semmelweis, m Vienna He so offended the obstetricians that he was 
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driven from Vienna, but in Budapest pioduced positive pi oof that he and 
Holmes weie both collect This was the most lemaikable advance in 
obstetrics in a centui y 

The Dean of Gynecologic Suigeiy in the United States, Dr Howard A 
Kelly, contributed peihaps more than any othei man to this field, and to 
surgery of the pelvic oigans and the unnaiy tract Kelly must be given due 
praise foi the patience and peisistence with which he worked for the methods 
of cystoscopy and ureteial cathetei ization In addition to a very large sui- 
gical and gynecologic practice, he gave an immense amount of time to improve- 
ment of technical methods of opeiations in the pelvis and perineum He has 
written the most valuable and elaboiate treatises, beautifully illustiated by 
Max Brodel, and others, and acquned a wide leputation In this work he 
was ably assisted by Thomas S Cullen, Gu}'^ L Hunter, Curtis F Burnam, 
and other membeis of his staff Doctoi Kelly was the first American to recog- 
nize the value of the discovery of ladiuni by Cuiie, with its wonderful possi- 
bilities, which, with the use of high-voltage roentgen lays, covers a large field 
in the tieatment of skin, glandular diseases, and t)'pes of malignancy It is 
often very effective 

One of the most impoitant developments, and aids to both medicine and 
suigery, came when William Crookes, an English physicist, brought out the 
vacuum tube It was looked upon as a useful means of instruction foi stu- 
dents of electricity, and few could visualize its possibilities The observations 
of Wilhelm Konrad Roentgen, in 1895, that “a piece of paper coated with 
certain metallic salts held in the light from a Crookes's tube the coating 
glowed with a curious phosphoi escence ” The glow continued when the paper 
was lemoved from the tube “He held a piece of metal before the papei , a 
shadow was cast, he held his hand befoie it and saw what no one had ever 
seen befoie — the shadow of the bones of his hand ” These lays affected 
photogiaphic film, and pictuies could be made of stiuctures beneath the skin 
These obseivations created a furor Its piactical use was not evaluated The 
determination of lines of fiacture and of the presence of foreign bodies in the 
esophagus, the trachea, lung and the gasti o-intestinal tiact and, subsequently, 
vesical stone, was a maiked step foi ward 

Then it was that the impetuous opeiatoi of the 1 oentgenologic depaitmenl, 
111 spite of Roentgen’s advice that led lead paint be used to protect the opeiator 
against the rays, leained of the danger of bums from this source Quite a 
number developed tioublesome ulceis and these vasculai disturbances became 
cancels Sometimes the heio dies because of his search for knowledge, and 
his love of humanity Coolidge and the radiation tube opened a vast territory 
foi the benefit of mankind 

Stones in the gallbladdei weie soon found inteiesting, but only a small 
pioportion were shown by the early technic Graham and Cole by the use of 
dyes opened a still newer field in the determination of the function of the gall- 
bladder and increased our knowledge During these years of stud}'-, gastro- 
enterology was clarified by the use of bismuth, and latei baiium, to visualize 
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these structuies The work in osteology continued, and with the dyes, a 
Bucky diaphragm, and mtiavenous injection of diadiast and uroselectm, renal 
lesions became an open book, including the ureter throughout its course, and 
the bladder This recalls to my mmd how we had to make a diagnosis of 
hydionephiosis, tubeiculosis of the kidney and tumor, without such valuable 
aids Cephalogi aphy with an injection is a remarkable development and tells 
much to the ceiebial suigeon The tiachea and the lungs have been longer 
undei obseivation But now the newer technic can isolate and outline to the 
most minute detail the size, content and location of a pulmonary cavity, an 
abscess oi a giowth Body section by loentgenography, lammography and 
tomogiaphy solves many piolilems foi the physician and the patient, previ- 
ously obscuie 

The specialist in i oentgenology will tell of thiee methods of body loent- 
genography 

(1) Focal spot of the tube moves in one dnection in a straight line 

(2) Focal spot of the tube crosses ciicles, squares, oi aichimedean spirals, 
but remains m plane of film 

(3) The focal spot of the tube and film rotates about an axis moving in 
parallel lines 

The study of the spine, the pelvis, with pelvimetry for deformity, and the 
relative size of the structuies and the head of the child tells the obstetrician 
much about ivhat steps he must take for safe delivery, and the best time 

The human frame has become an open book under the advanced study of 
every part of the patient’s anatomy, the specialists and the family physician 
each giving his best to place the treatment on a coirect basis for cuie while 
It is yet possible How could such scientific progress result except by the 
individual and competitive system^ 
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THE UNIFORM PRODUCTION OF EXPERIMENTAL SHOCK BY 
CRUSH INJURY POSSIBLE RELATIONSHIP TO 
CLINICAL CRUSH SYNDROME 
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In recent months a number of clinical repoits^’ ^ ^ have appeared 
on the condition which lesults fioin the compression of extremities hy heavy 
objects foi periods of seveial hours oi longer Most of these accidents have 
occuned in association with air raids in which peisons have been pinned 
beneath fallen debris The essential clinical features aie these The patient is 
usually in fairly good condition at the time of lelease of the compi ession , 
evidences of shock generally develop within a few hoiii s , the immediate re- 
sponse to theiapy is usually favoiable, and subsequently, aftei a period of 
hours 01 days, the patient develops signs of progressive lenal damage The 
urinaiy output diminishes at this time, theie is nitiogenous retention, and 
the 111 me contains albumin and laige orange or blown granular casts In 
approximately half of the reported cases death occuned in thiee to eight 
days following the compression 

The present study was undertaken in an attempt to reproduce expeii- 
mentally the so-called crush syndiome The first effoits consisted in com- 
pressing the extremity of the experimental animal by various means, including 
the use of tourniquets, encircling layeis of rubber dam, and pressuie be- 
tween two smooth boards The results which followed the use of these 
methods showed considerable vaiiation It then appealed to be advisable to 
use objects for compression which did not have a smooth surface and which 
would exert an uneven piessuie, lesulting m greatei injuiy to tissues This 
method, which will be desciibed in detail, has resulted, in our hands, in the 
more uniform production of peiipheral circulatoiy failure than we have been 
able to accomplish by other proceduies 

It cannot be stated with ceitainty that oui method has lesulted in the 
causation of the so-called crush syndiome, in tact, it has not been proved 
conclusively that the ciush syndrome as observed in patients is a distinct 
clinical entity, with features which may not be found following othei types of 
injury Regardless of whether or not the ciush syndrome has been re- 
produced, the present studies have yielded what appears to be a rather uni- 
form method of causing shock, in which an inciease in the concentration of 
the blood and a fall m blood pressure occui eaily following the release of 
the compression 

The present communication presents a description of the method , a report 
of the effects of compression of one of the posteiior extiemities of the 

* William Stewart Halsted Fellow in Surgery 
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anesthetized animal, and the results of attempts to influence the course of 
the animals following the release of the compression 

EXPERIMENTAL METHOD 

The expel iments were perfoimed upon dogs weighing between 7 and ii 
Kg Moiphme sulphate m doses of 030 Gm was given subcutaneously at 
the beginning of the expei iments Approximately 30 minutes later sodium 
pentobarbital, 020 Gm pei Kg of body weight, was given intravenously 
One or two subsequent doses of 006 Gm per Kg of body weight were 
usually necessary to maintain anesthesia dining the following 18 to 24 houis 
The mean aiterial blood pressuie was determined repeatedly by direct needle 
puncture of the femoral aiteiy Hematocrit readings were made with Win- 
trobe tubes The bladder was catheterized at the beginning of the experiment 
and the cathetei left m place, so that the chaiacter and volume of the urine 
could be observed at one- to two-houi intervals Nonprotein nitiogen, plasma 
cieatine, and plasma creatinine levels were detei mined by the method of 
Fohn and Wu '• Blood samples were taken at the beginning of the experi- 
ment, immediately befoie the compression of the limb was released, at one 
hour, four hours, and six houi s subsequently Creatine and creatinine levels m 
the urine weie determined at coi responding intervals (on individual speci- 
mens) by the methods of Fohn All colorimetric determinations were made 
with an Evelyn photo-electric colorimeter Urine samples were examined at 
the beginning of the experiment, and every one to two hours threafter during 
the experiment, as to volume, gioss appearance, presence or absence of al- 
bumin, benzidine reaction, hydrogen ion concentration (litmus), and micro- 
scopic appearance 

Compression of a limb was produced by an apparatus (Fig i) consisting 
of two three-quai ter-mch boards, 15 inches long and seven inches wide, on 
the inner surface of which were fixed triangular strips of wood measuring 
i/4xiF2X2j4 inches These strips were placed so that when the boards were 
approximate their coaptation resulted m a cog or gear-hke arrangement 
In the center of each strip a groove, one inch in diameter and three-quarters 
of an inch deep, was made corresponding to the course of the femur This 
groove prevented inteiference with the appi oximation of the stiips and thus 
ensured the crushing of a largei mass of muscle Holes, which were three- 
quarters of an inch in diametei , were di filed m the foui coi nei s of the boards 
Into these weie mseited one-half-mch iron bolts, which were ii inches long 
Thieads extended half the length of the shaft and these were fitted with large 
wmg-tipped nuts Steel compression springs, four inches long, fifteen-six- 
teenths of an inch m diameter, one-eighth of an inch wiie diametei, with 13 
effective coils, were placed on the bolts on the upper boaid Suitable steel 
washers were used to protect boards and springs The spiings weie cali- 
brated by placing them between the boards and measuring the millimeters 
of shortening produced by a weight of 500 pounds, which was placed on the 
upper board 
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The dog’s thigh was placed in this pi ess and a pressure of 500 pounds was 
applied foi a peiiod of five hours, at the end of which time the press was 
removed Approximately half the animals were given no treatment after 
release of the compression, and obseivations weie made at the intervals de- 



Tic I — Dr-iwints of appnratus used for limb compres 
Sion (A) Side view of assembled apparatus with upper 
board ele\ated to show relative position of its parts Pressure 
IS applied to the upper board bj tightening the w mg tipped 
nuts and shortening the springs (B) Apparatus taken apart 
to show position of triangular strips of wood and the 
groove in their centers to fit the approMmate course of the 
femur These strips are so arranged that their apices ht 
into the spaces between the strips of the opposite board In 
other words, the sharp edges are so placed that the> do not 
touch each other but fit into the corresponding spaces 

sciibed above The other half weie treated by the application of a pneumatic 
lubber cuff (Fig 2) which was applied to the injured extremity immediately 
upon release of compression This cuff consisted of an outei layer of thick 
rubber which was cylindrical in shape, 17 inches long and five inches in 
diameter, and an inner layei of thinner lubber which was conical in shape 
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in order to fit the contoiii of the extiemity snugly The cuff was fitted with 
a valve which was connected to the compiessed air supply A mercuiy col- 
umn valve was intei posed to ensuie constant piessnre By means of this 
cuff a piessuie of 40 Mm Hg was applied to the extremity foi periods of 13 
hours in some expeiiments and 18 houis m others The loss of fluid into 
and near the injuied area of the animals which died was detei mined by a 
bisection method that was desci ibed previously ® 



ViG 2 — D»d\\ing of the iineunntic cuff ttsed tn tieatment of 
crushed e\treiuities Ihc lubber strips at the upper end of the cuff 
encircle the animal’s lowet ibdonien and are held together by a screw- 
clamp Insert — Longitudinal section of the cuff showing air space and 
conical shape of inner tube which is in contact with the extremitj 

BESULTb 

The lesults aie summaiized m Tables I, II and III Foi pui poses of 
desci iption the lesults of the expeiiments will be divided into (i) Crush 
period, 01 peiiod of five hours of compiession of the extremity, (2) the 
penod following lelease of compiession, no theiapy being employed (half of 
expeiiments) , and (3) the penod followung release of compression, pressuie 
theiapy being used (half of expeiiments) 
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CRUSH PERIOD 

During the crush period theie was no significant change in blood piessure 
in any of the animals A slight increase in the concentration of the red 
blood corpuscles was noted in 22 experiments and a slight deciease in 18, 
the aveiage being an increase of 61 pei cent The pulse rate inci eased in 
30 experiments, deci eased m eight and lemained unchanged in two, the 
average being a use of 208 beats pei minute The respiratory rate increased 
m 23 expeiiments, deci eased in 12 and remained unchanged in five The 
average was an increase of 2 3 per minute The temperature lose 111 21 
animals and fell in 16, the aveiage being a use of 36° F There was an 
aveiage fall m plasma creatinine of 69 mg %, and an average inciease in 
plasma creatine of 48 mg % was obseived Nonpiotem nitrogen values 111- 
ci eased an aveiage of 405 mg % Urinaiy cieatine deci eased 07 mg per cc 
Urinary creatinine deci eased 30 mg pei cc Micioscopic examination show'ed 
led blood cells in the uiine in every case wuthm two to thiee houis after the 
pi ess was applied The benzidine reaction became positive m twm to three 
hours Albumin w'-as piesent in the uiine m two to four hours Except for 
the urinary findings, it is to be obseived that the alteiations in most of the 
functions were minimal 

RELEASE OF CRUSH WITHOUT THERAPV 

There were ig expeiiments in this group, the results of wdiich aie given 
in Table I The press was applied to the thigh for a period of five hours 
At the end of this time it was removed and the animal w^as obsei ved, no foi m 
of therapy being employed All animals died except one Upon removal of 
the press theie was usually a sudden shaip decline in blood piessure to 50 
to 60 Mm Hg The pi essui e returned within a few minutes to, 01 almost to, 
its former level and subsequently a piogressive decline occurred An inciease 
in the concentration of the red blood cells occuired as soon as the press was 
removed This inciease was progressive and an aveiage use of 44 pei cent 
over the control values was obseived at the end of periods vaiying fiom two 
to SIX hours The pulse late rose an average of 72 7 per minute The respira- 
tions increased an average of 12 pei minute The lectal tempeidtuie inci eased 
an aveiage of i 17° F The average duiation of life in this gioup was 7 55 
hours 

The urine usually became grossly bloody within an houi aftei the press 
was removed The output of uiine in this group during the two- to six-houi 
period following removal of the press averaged 3 3 cc Although granular 
and red blood cell casts were frequently found, the dark granular casts, which 
have been described m clinical cases of crush injury, were not obseived 

In three dogs of this group, in which blood chemical and urinary chemical 
changes were observed, the plasma creatine increased an average of 1 5 6 mg % 
above the control levels Plasma creatinine levels show^ed an average increase 
of 3 45 mg %, and nonprotein nitrogen an average rise of 448 mg % Uri- 
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nary creatine increased an aveiage of i 03 mg pei cc Urinary creatinine 
decreased an average of 25 mg per cc 

RELEASE OF CRUSH WITH THERAPY 

Theie weie 21 experiments m which, following the lemoval of the press, 
a pneumatic lubbei cuff was applied to the injured thigh at a pressure of 
40 Mm Hg When the cuff was applied for a period of 13 hours, three of 
SIX animals died When the time of application was mci eased to 18 hours, 
three of 1 5 died The average survival time of these six animals was 26 3 
hours The average fall m blood piessure of the entiie group m the first four- 
to six-hour peiiod was 169 Mm Hg Hematocrit volumes increased m this 
same period an average of 28 5 per cent ovei the control values The respira- 
tory rate showed an aveiage mciease of i 88 pei minute, and the average 
elevation of body temperature was 85° F The pulse rate increased an aver- 
age of 53 per minute 

Just as 111 the untreated gioup, the urine became discoloied and showed 
gross blood within one hour after the press was removed The average 
urinary output for the same period of time was 36 2 cc On microscopic 
examination of the urine, seveial animals showed granular and red blood cell 
casts and an occasional hyaline cast Two animals of this gioup showed m the 
urine laige dark blown granular casts which weie similar m appearance to 
those described in clinical cases of ci;ush injury The urinary creatine output 
averaged 3 67 mg per cc The ci eatinme output showed an average decrease 
of I 27 mg pei cc Plasma creatine increased an aveiage of 3 60 mg % and 
plasma creatinine an aveiage of 57 mg 

PATHOLOGIC CHANGES 

The pathologic changes in the treated group of animals vhich ultimately 
succumbed veie, as a rule, more maiked than those of the untreated group, 
piobably because the duiation of life was longer, and there was a longer 
peiiod of time in which anoxia could exert its ill effects There was patchy, 
bluish discoloration of the lungs, which was most noticeable 111 the more 
dependent poitions Microscopically, theie was engoigement of the alveolar 
vessels and exti avasation of fluid and cells into the alveolar spaces The 
liver showed daik discoloration and the cut surface was moist On micro- 
scopic examination, engorgement of capillaiies and degeneiative changes 111 
the hepatic cells were noted The adienals showed led discoloration on the 
cut surface, which was most pionounced in the medullary poition, and the 
vessels were engoiged in both coitex and medulla Degenerative changes 
weie piesent m the cortical cells, and there was modeiate infiltiation of poly- 
moi phonuclear leukocytes m the zona fasciculata The gastro-intestinal tract 
of se^elal animals shoved gross hemoirhage, this vas greatest m the duode- 
num and the jejunum The mucosa of the duodenum and the jejunum vas 
hypeiemic, and on microscopic examination, there vas evidence of vascular 
engorgement The peiitoneal cavity of two animals and the pleural cavities 

693 



DUNCAN AND BLALOCK a","!'! i' ‘’i ifH 

of one, contained free fluid The kidneys were of noiinal size and on external 
examination showed no change The cut surface was darkly discolored in 
both medulla and coitex Red radial streaks, indicative of vasculai engorge- 
ment, weie piesent Micioscopic examination showed engorgement of the 
glomerular capillaries with extravasation of blood into Bowman’s capsules 
In some animals homogeneous, amoiphous eosinophilic material ^\as present 
m Bowman’s capsules Vascular engorgement was evident in both coitex and 
medulla The collecting tubules in many aieas were dilated but empty, and 
the lining epithelium was flattened No large blown casts were found 

Examination of the injuied extremity levealed massive swelling of the 
thigh, and to a lessei extent of the leg and foot Thei e was some swelling of 
the flank and of the adjacent anterioi abdominal wall Upon section, the 
swelling was seen to be due to the piesence of cleai yellow fluid in the sub- 
cutaneous tissues, the fascial planes, and the bellies of the muscles In onl}"- 
two animals which succumbed was there extravasation of whole blood into 
the tissues of the limb, and in these the amount was veiy small The swelling 
persisted for at least seveial days Necrosis and sloughing of the skin were 
frequently noted at the site at which the maximum pi essui e had been applied 
The pi essui e lesulted in tempoiary paialysis of the extremity 

DISCUSSION 

The type of mjui> which has lesulted in the so-called crush or compression 
syndrome has, in all repoi ted cases, involved the exti emities, and has been of 
sufflcient violence to crush laige masses of tissue, especially skeletal muscle 
The victims have remained pinned beneath the fallen object for several houis, 
resulting in great interference with the cn dilation of the entiie extremity 
and in some instances m the jnoduction of neciosis at the site of injui3' Fol- 
lowing removal of the constiicting object, wnth i eestablishment of the blood 
supply, swelling of the extiemity appeals Shoitly aftenvaid the patient may 
present signs of shock and latei may develop renal failuie As stated pie- 
viously, one of the objects of the present experiments was to attempt to 
reproduce the crush syndiome When the press described above is applied 
to an extiemity foi a period of five houis at a pi essui e of 500 pounds, the 
tissues of the thigh aie ciushed and at least a majoi poition, if not all, of the 
blood supply to the pait is intenupted for the duration of this period The 
popliteal and posteiior tibial pulses cannot be felt with the pi ess m place, but 
aie always palpable immediately aftei its lemoval Following the removal of 
the press there is progressive swelling which seems to leach its maximum in 
SIX to eight houis As can be seen fiom Table I, shock w^as produced m all 
experiments, and w^as fatal 111 all animals except one in the untreated gioujD 

The swelling of the extiemity is due almost entiiely to extiavasation of 
plasma rathei than of w^hole blood The fluid obseived m the tissues of the 
extremity and the adjacent body wall was a cleai yelloiv , veiy rarely was theie 
even slight evidence of wdiole blood loss At autopsy, the posteiioi jiart of 
the animal’s body w^as bisected and tbe w'eights of the mjuied and unmjuied 
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sides weie compared This compaiison levealed a fluid loss in the injuied 
side of 3 26 per cent of the body weight The lesults of pievious experiments^ 
of appi oximately the same dmation m which plasma was lemoved fiom the 
blood stream indicate that the local loss m the present experiments was the 
major factoi in causing the decline in blood piessuie and death Probable 
explanation foi the plasma loss lies m the local mechanical injury to tissues 
plus the anoxia pioduced by the constiictmg or tourniquet effect of the pi ess 
Fuithei evidence of plasma loss is demonstiated by the marked mciease m 
the concentration of the i ed blood coi puscles which invariably occuri ed This 
rise began immediately after the press was lemoved and piogiessed m the 
untieated gioup until the animal died The average use m the untreated 
gioup was 44 pei cent above the contiol values as compared with 28 5 pei cent 
above the control values m the ti eated gi oup 

In the animals which were successfully ti eated by application of the 
pneumatic cuff theie was comparatively little swelling of the injured extremity 
at the time of removal of the cuff after 13 01 18 houis Swelling became more 
evident within a few hours and appealed to become greater m those ti eated 
foi 13 hours than in those to which the cuff was applied for 18 hours In 
animals which died m spite of tieatment, comparison of the weight of the 
injured and uninjured sides showed a fluid loss as gieat as that of the un- 
tieated gioup (326 per cent of body weight) The beneficial effect of the 
pneumatic cuff would appeal to be due chiefly to its role m lessening local 
fluid loss into the extremity It is likely that a paitial repaii of the inci eased 
capillaiy permeability m the mjuied extiemity takes place following the return 
of its blood supply dining the 18 hours that the pneumatic cufif is in position 
The urinary changes m these experiments aie of mteiest Blood was 
present, on micioscopic examination of the urine, within twm to three hours 
aftei the press w^as applied The development of hematuria pi obably precedes 
an appreciable diminution in blood volume and blood pressuie, and also pi ob- 
ably piecedes the absoiption into the general circulation of the major part of 
the products of injuiy Theie may be some absorption of these metabolic 
products at the uppei end of the pi ess and through collateral channels where 
the cii dilation is still intact Gross blood wds piesent 111 the urine within an 
hour aftei the pi ess wds lemoved A peculiai brownish discoloration of the 
mine wds often noted duiing the period following lemoval of the press 
Oliguiia w^as obseived in all experiments, most seveie in the untreated ani- 
mals and m those which died m spite of treatment, that is to say, those animals 
m wdiich shock was most profound This ohguiia was due at least 111 part to 
the physiologic imbalances accompanying shock — diminished blood volume 
and flow, depiession of blood pressure, and hemoconcentration Granular and 
red blood cell casts w^ei e fi equently found and occasionally hyaline casts w^ere 
noted, but m no animals of the untieated gioup, and 111 only two of the treated 
group, w^eie laige, blown gianular casts obseived In these twm animals, 
histologic examination did not show^ the selective tubular changes and the 
casts which have been described 111 clinical cases of crush injuiy Had the 
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length of life been greatei , it is possible that this obsei vation would have been 
made moie often 

Elevated blood cieatine levels and creatinuna have been observed in sev- 
eial types of muscular disease^'’ Aub and Wu^^ have leported an increase 
111 blood creatine following mjuiies to muscle The values we have obtained 
aie high, and are suggestive of seveie muscle damage Marked disturbance 
of cieatme-cieatmme ratios m blood and urine were observed The levels are 
higher m the plasma of the untreated group than in that of the tieated gioup, 
and highei m the urine of the treated group than m that of the untieated 
gioup These observations may indicate failure of excietion of the excessive 
creatine because of diminished lenal function Destiuction of lenal function 
m itself will produce an elevation m blood cieatine Furthei evidence of 

diminished renal function and tissue injury is piesented by the progiessive 
use 111 nonpiotein nitiogen seen in all the experiments 

The method which has been desciibed presents both advantages and dis- 
advantages 111 the study of shock Included among the advantages is the 
obsei vation that theie appeals to be less individual vanation in the i espouses 
of animals to this foini of iiijuiy than to any othei that we have studied This 
method allows one to study, with gi eater exactness, the pathogenesis of shock, 
and to determine, with gi eater ceitaiiity, the effects of vaiious theiapeutic 
pioceduies Another advantage winch is common to all methods in ^^hlch one 
extiemity is injured is that the opposite extiennty can be used as a contiol 
A disadvantage of the method is that the type of injuiy which is pioduced is 
not encounteied as fiequently in patients as are bums and some othei types 
of ti auma 

It remains to be pioved whethei oi not the ciush syndiome as obsei ved in 
patients can be lepioduced by this method The alterations in the uiinary 
tiact m the expeiimental animals and m the patients are not identical Most 
of the animals which survived following tieatment with the pneumatic cuff 
were sacrificed aftei several days, hence a study of the late effects of injuiy is 
incomplete Such studies aie being carried on at the piesent time It will 
probably be necessary to modify the method in such manner that the suivival 
peiiod of untreated animals will be lengthened It is appaient that a caieful 
study of renal function m this expeiimental condition is indicated 

SUMMARY 

A new method foi producing shock, m which an attempt is made to simulate 
the ciush syndiome as obsei ved in patients, is described The method con- 
sists in placing a postei loi exti emity of the anesthetized animal m an apparatus 
with uneven surfaces, which exeit gieat pressuie on the soft tissues Removal 
of the extremity fi om the pi ess is followed by swelling of the leg, an increase 

* It IS to be emphasized that medium sized animals vhich had a good deal of muscular 
tissue in the thigh were chosen and that the grooves m the insets of wood on the press 
allowed the pressure to be made mainly on the soft tissues rather than on the femur 
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in the concentration of the blood, a decline in blood pressure, oliguria, ab- 
normal urinary findings, ele\ated blood creatine and creatinuria, and usually 
death The local loss of plasma is great Recover}' usually results if, at the 
time the press is removed, the injured part is placed immediately in a pneu- 
matic tube ivith an internal pressure of 40 Mm Hg 

Whether the experimental conditions ha^e any relationship to the crush 
syndrome as observed in patients remains to be proved, but it can be stated 
that the use of this method results in a more uniform production of traumatic 
shock than any \\ ith v Inch u e have hitherto u orked 
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I SHOULD like to leport upon three points conceining the subject of pene- 
trating wounds of the heart Noteworthy achievement in the repair of these 
wounds has been accomplished by Elkin, ^ of Atlanta, Bigger,- of Richmond, 
and Griswold,^ of Louisville Contributions to the subject have been made 
also by numeious other suigeons The writei has had little or no expeiience 
with patients who weie hi ought to the operating room because of a stab 
wound of the heart He has accidentally made wounds of the heart while 
carrying out other opei ations upon this organ m the human, and these wounds 
have had to be repaiied He has had consideiable experience with the heart 
m the experimental laboiatoiy Whether the wound is in the human heait 
or 111 the heart of a dog, the methods of handling it are the same Because 
of this, I feel that I can make a few additions to the subject 

The best way to stop bleeding fiom a ventricle is by placing a finger upon 
and not tn the wound It is difficult, oi impossible, to keep the finger on the 
wound because of the movement It slides off and there is a squirt of blood 
However, it can be kept on the wound fanly well, if the heart is steadied by 
a suture This can be done by placing a suture in the apex of the heart and 
holding this sutuie between the thumb and third finger of the left hand while 
the index finger of that hand is placed upon the wound In this way the 
hand moves with the heart and you do not get so many squirts of blood The 
apex was selected for this suture because this legion is farthest from the 
majoi coronary arteries, and there is least likelihood of inflicting injury to 
one of these impoitant aiteiies in this location Often the surgeon wants to 
place this suture without delay because of bleeding To inspect the heart 
m 01 der to find a place for the suture takes time The apex is always a favor- 
able place for it These points originated, I believe, from experiments upon 
dogs ^ Griswold describes this “hot-spot” in the operation as follows “There 
IS nothing more disconcerting than to hold m one’s hand a writhing, jumping 
heait and blindly attempt to find a wound deep in a gushing whirlpool of 
blood The insertion of a ti action suture converts this stage of the opeia- 
tion from futile blundering into an ordeily piocess The ti action suture 
steadies the jumping organ so that a finger may be placed over the opening 
to temporarily staunch the flow ” 

The next step consists of closure of the wound Accoi ding to the original 
method, a traction-suture was placed on each side of the finger, crossed, and 
held under gentle traction by the assistant The fingei was then taken oft the 
wound These traction-sutures were supposed to stop the bleeding, and the 
wound was then closed by permanent sutures Elkin modified the method 
by placing a temporar)'^ suture undei the fingei and across the wound Trac- 
tion on this suture stopped the bleeding Biggei and Griswold have used 

698 



Volume 115 
Number 4 


STAB WOUNDS OF HEART 


Elkin’s modification oi this technic to good advantage, and it seems to be the 
method of choice If the wound lies along a coionaiy aiteiy, the method 
should be such that the aiteiy is spaied The oiiginal method spared this 
arteiy The tiaction-sutuie on each side of the finger was placed under vision 
so that these sutures would not get the aiteiy The wound was sutured under 
vision so that the ai tery could be spai ed m these sutures Interrupted sutures 
were used m the illustiation of the method A mattress suture was not illus- 
trated An illustration of a mattiess sutuie foi closuie of a wound close to 
an arteiy is shown m Figure i Griswold also recommends a mattress suture 
foi wounds adjacent to an arteiy 



Fig I — Method for repair of wound situated adjacent to coronary 
artery The ivound can be closed by one or more mattress sutures 
without sacrificing the coronary aiteri 

The type of wound to which I lefer is illustrated m Figuie 2, taken from 
a paper by Ohm and Hughes ^ A quotation fi om this article follows “There 
was a laceration i 5 cm m length on the anterior surface of the left ven- 
tricle, approximately 2 Mm to the left of the left anterior descending coronary 
vessels and about 5 cm from the apex (Fig 2) The laceration penetrated 
the chamber of the left ventricle, and as soon as the tamponade was released, 
great streams of blood spurted A silk traction-suture was placed in the 
apex, as described by Beck, in ordei to steady the heart An attempt was 
made to close the laceration with silk sutures and to avoid the coronary ves- 
sels, but due to the narrow band of myocardium between the laceration and 
the vessels, this was found to be impossible, as the sutures pulled through 
the frayed muscle on two attempts Because of the critical condition of the 
patient and the excessive blood loss taking place, it was thought unwise to 
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make furthei efforts at pieserving the coronary vessels Foui interrupted 
silk sutures were then placed so that the vessels were encircled and the lacera- 
tion closed” Electiocaidiogiaphic evidence of a myocaidial infaict developed 
The patient lecovered 

Davenpoit, Blumenthal, and Cantiil® lepoited a patient who had a stab 
wound of the heart “The punctuie which caused the bleeding into the peri- 
cardial sac was found at the apex of the left A^entricle and corresponded in 
size to the point o'f an ice-pick It was situated one millimeter from the 
coronary artery and vein The wound in the heart wall was not spurting 

blood, but it was considered ad- 
visable to suture the wound to 
prevent subsequent hemorrhage 
Three sutures of black silk were 
placed in the heart with a curved 
needle The first suture was left 
long as a guide The other two 
weie placed aiound the wound 
including the left descending 
coronary artery and vein, one 
above and one below ” Electro- 
caidiogiaphic evidence of infarc- 
tion m the anteiior wall of the 
heart was obtained after opera- 
tion The patient recovered 
Badertscher’^ repoited a pa- 

Fig 2 — Wound of left ventricle situated adjacent to tieilt who WaS Stabbed 111 the 
descending ramus of left coronarj arterj Coronarj arterj 

and vein were sacrificed by the sutures (Ohm and heart On inClSlllg the peri- 
Hughes, Jour Thoracic Surg , g, gg, ig3g ) 

cardium fiom base to apex, the 
hemorrhagic tamponade was released and the heart lesumed lapid activity, 
resulting in a terrific hemorrhage The laceiation in the heart was 6 Mm 
long, and had perforated the right ventricle immediately adjacent to, and 
parallel to, the right border of the descending ramus of the left coi onary artery 
in Its proximal third Hemorihage was controlled by silk sutures deep in 
the ventricular wall, parallel to the laceration on either side Free ends of 
the sutures were twisted to form a single stiand on each side of the wound 
and then tied over the wound as a single suture Several such sutures were 
required to control the hemorrhage Although the coronary artery was not 
encircled by the sutures, it must have been occluded by the inverting effect 
On control of hemorrhage fiom the heart, the blood pressure immediately 
rose to 120/80 and became stable The heart, observed for 15 minutes, be- 
came progressively cyanotic, most markedly at the apex The chest wall was 
closed in layers As the skin sutuies were being applied, the blood pressure 
suddenly disappeaied This was approximately 25 minutes after occlusion 
of the coronary artery In retrospect, we feel that it is possible that this pa- 
tient’s life might have been saved had deep sutures been used to close the heart 
wound, thus leaving the coi onary vessels unobstructed on the surface of the 
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heart Some of these impoitant technicalities, iinfoi timately, are ovei looked 
when one is woikmg undei pressuie, and on such an elusive object as a 
1 apidly beating heart ” 

I can appieciate Badeitschei’s feeling in this legaid I lecall, as though 
it weie yesteiday, an expeiience that I had m 1931 I toie a hole in the 
light auricle in the legion wheie the supeiior vena cava joins the auricle 
I was dissecting a tubeiculous scai fiom the auiicle when this occurred I 



Fig 3 — ^Methods for the repuir of auricular wounds Auricular wall 
can be taken in a liemostat without crushing it A wound along the 
margin of the auricle can be repaired by a ligature as in (a) A wound 
elsewhere, as in (b), is repaired by picking up the edges of the wound 
in hemostats and bringing the points close together to stop bleeding 
Sutures are then placed for closure 

followed my first impulse and placed a finger upon the tear It was utterly 
ineffective Blood poured out from beneath my finger and I could not see 
the wound After losing about 500 cc of blood, or more, the wound was 
exposed and the margins of the wound were taken m clamps and easily 
sutured It was not a difficult teai to sutuie after it was taken 111 hemostats 
but the situation of placing a finger upon the wound was very bad indeed 
In our laboratoiy we often tear an amide m dissection of coronaiy arteries 
As a rule, it is an easy problem to handle The maigin of the wound is 
picked up in a small liemostat and the wound is eithei closed by sutuie 01 
by inass-hgature The ligature is good if the wound is at the maigin of the 
auricle (Fig 3) The use of clamps for the lepair of auricular wounds was 
described by me 111 1934,® and by Elkin/ in 1941 

I have often stopped bleeding from the surface of the heart by placing a 
superficial suture m the muscle at the bleeding point and tying a small muscle 
graft into the suture A small muscle graft can stop bleeding from a coronary 
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vein It can be loosely anchoied ovei coronary vein and coronal y aitery in 
such a way that the vein does not bleed and the artery is not occluded ® 
Bigger^® sutured the pericardium into a wound for closure In his case the 



Fig 4 — (a) Branch of major coronarj artery se%ered close to its origin 
(b) Magnification of same This arterj occluded b> brain clip without injiirj 
to main arterj 

muscle was very soft and friable and sutuies had a tendency to tear out 
Cushing’s brain clip is sometimes useful (Fig 4 ) Pei haps Biggei^^ might 
have found a clip useful in one of his cases In his case “the injury Avas so close 
to the mam stem of the artery that it Avas felt that if an attempt Avas made to 
ligate the injured vessel Avhich had stopped bleeding, it Avould in all probability 
be necessary to ligate the mam aitery It Avas decided, theiefore, that it Avould 
be better to close the operative incision and take the chance of having to re- 
open it if bleeding and tamponade occuried ” The patient recovered 

In 1933, Bigger and Wilkinson^- described a method AAdnch they employed 
satisfactorily for the repair of a stab Avound of the superior vena cava A fin- 
ger was placed under the vena cava and the A'^ein Avas elevated This collapsed 
the vein and stopped the bleeding The Avound Avas successfully sutured 
The other point that I should like to discuss concerns the administration 
of fluid intravenously m patients Avith acute compiession of the heart Bigger 
adAmcates the administration of blood, acacia solution, glucose or sodium 
chloride solution as a preoperative measure in patients Avho hai^e receiA’^ed a stab 
Avound of the heait Griswold states that intiaA^enous fluids, particularly blood, 
should be administered Avhen hemoirhage has occurred but are of little A'alue 
preoperatively in case of tamponade 

Tavo types of experiment are interesting in this connection In one type 
(Graph i) the heait is compiessed by a force of 20 cm of Avater The 
arterial piessure falls and lemains Ioav This compression foice is kept on 
the heart at 20 cm and 300 cc of fluid is given intravenously The arterial 
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Graph i — Experiment Artenil pressure ^\as recorded Cannula attached to parietal pericardium 
ind 20 cm of pressure applied to heart Fluid was giaen intravenously while the pressure was main 
tamed at 20 cm Some fluid was allowed to escape from the pericardial cavitj in order to keep the 
pressure on the heart at this level The administration of fluid intravenously produces a rise in arterial 
pressure under these conditions 


Arterial 

Fressu.re 




Comptcssion Intravenouts tluid 

^ of IScmwaler “iOO cc 

TuLbe from -pcrt- 
i^arcLaal cavity clamped 


i 


Graph 2 — Experiment Arterial pressure was recorded Cannula attached to parietal pericardium 
and 15 cm of pressure applied to heart After this pressure was established, a clamp was placed upon 
the tube so that none of the fluid could escape from the pericardial caaitv Fluid was then gaen 
intraienousU The arterial pressure did not rise 
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pressure rises when the fluid is given In the other type of expeiiinent (Graph 
2) the heart is compiessed by a force of 15 cm of watei A clamp is placed 
on the tube leading to the peiicaidial cavity so that fluid cannot escape from 
the pel icai dial cavity The quantit}'- of fluid m the peiicaidial cavity is fixed 
The aiteiial piessuie falls and lemams low Fluid, 300 cc , is given mtia- 
venously The aiteiial piessuie does not use 

It appeals, then, on the basis of such experiments, that the administra- 
tion of fluid inti avenously pioduces a rise m aiterial piessuie if the degree 
of compression on the heait is fixed and does not use to higher levels, as 
the venous piessuie uses when fluid is given intravenously For this to 
occur some of the fluid must escape fiom the peiicardial cavity If the 
quantity of fluid in the peiicaidial cavity is fixed and none of it can escape 
then the administration of fluid inti avenously does not lesult m a rise in 
arterial pressure As the venous piessuie goes up, the degiee of compres- 
sion also goes up 

The one expeiiment applies to the patient with compiession m whom 
some blood is escaping fiom the peiicaidial cavity The administration of 
fluid intravenously has a beneficial effect in this patient The other experi- 
ment applies to the patient with compiession m whom there is no blood 
escaping from the pericai dial cavity The wound m the pei icardium has be- 
come sealed The administration of fluid mti avenously does not produce a 
rise in arterial piessure in this patient 
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Diaphragmatic hernia occunmg in infants and childien piesents many 
problems of diagnosis and treatment that differ maikedly fiom those caused 
by such herniae occurring among adults One of the pimcipal reasons for 
this vaiiation is the difference in the types of diaphi agmatic henna which aie 
most commonly encountered in these peiiods of life 

Although any of the various types of diaphi agmatic hernia may be en- 
countered m any peiiod of life, the nioie common types seen among infants 
and children, m older of fiequency, are those due to embryologic structural 
defects of the diaphragm, namely, plemopentoneal hiatus heimae and those 
caused by congenital absence of the diaphragm Next in piobable order of 
frequency are esophageal hiatus and traumatic herniae 

Table I 

DIAPHRAGMATIC HERNIA 

SITE OF OPENING AND CONTENTS OF HERNIA IN 3O4 ADULTS AND CHILDREN 






No of 

Site of Opening 

Adults 

Children 

Contents of Hernia 

Cases 

Esophageal hiatus 

222 

S 

Stomach (omentum) 

2IS 




Stomach omentum and spleen 

4 




Stomach and colon 

8 

Esophageal hiatus with short esophagus 

IS 

0 

Stomach only 

IS 

Hiatus pleuropentonealis 

2 

6 

Right colon and small bowel 

Colon, small bowel stomach and 

4 




spleen 

4 

Absent posterior fourth of left diaphragm 

I 

6 

Stomach colon small bowel and 





spleen 

4 




Colon and small bowel 

Colon appendix small bowel and 

2 




spleen 

I 

Foramen of Morgagni (subcostosternal) 

s 

0 

Omentum only (2) and fat (i) 

3 




Colon and omentum 

Omentum cecum, appendix, colon 

I 




and terminal ileum 

I 

Left hemidiapbragm 

37 

4 

Stomach only 

S 




Stomach and colon 

Stomach colon, small bowel (24) 

10 




spleen (is) and liver (8) 

26 

Right hemidiaphragm 

I 

0 

Stomach duodenum colon small 





bowel liver (gallbladder) and 
head of pancreas 

I 

Total 

283 

21 


304 


In adult life the most common type of diaphi agmatic hernia encountered 
IS that which occurs through the esophageal hiatus Although this type of 
henna may be considered congenital m origin, the actual heiniation often does 

* Read before the Southern Surgical Association, Pinehurst, N C , December 9, 

1941 
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not occul until late in life Othei types of diaphiagmatic hernia occurring 
among adults, listed in the piobable ordei of frequency, aie tiauinatic herniae, 
subcostosternal (foramen of Morgagni) herniae, and those lesulting from 
structuial deficiencies of the pleuroperitoneal membrane 

In a senes of 304 cases of diaphragmatic hernia m which operation was 
performed at the Mayo Clinic, 283 of the patients weie adults and 21 were 
children 12 years of age 01 less The lelative fiequency of the occurrence of 
the vaiious types of hernia among adults and childien and the abdominal 
visceia involved m the heinia m this series are shown m Table I 

The leason foi the lelative infiequency of those heiniae that occui 
through structural defects of the diaphragm among adults is that most of the 
infants who aie born with this type of hernia die in the first few hours 01 
days of life of cardiac or respiratory difficulty lesulting fiom the marked 
unilateral alteiation in inti athoracic pressure at a time when the compensa- 
tory respiratory and cardiac reseive has not been developed to a sufficient 
degiee to maintain function Howevei, if the respiratory and cardiac mech- 
anisms are able to compensate for the piesence of the abdominal viscera m 
the thorax, the patients may reach childhood or even adult life without any 
gieat amount of disability 01 symptoms, provided that intestinal 01 gastric 
obstruction does not develop When the stomach is involved m these herniae, 
it usually becomes maikedly dilated and the patients often have symptoms of 
partial gastric obstruction Intestinal obstruction may occui owing to bands 
of adhesions between the omentum and loops of bowel, owing to inflammatory 
conditions of the bowel, or owing to appendicitis 

The clinical lecognition of diaphiagmatic hernia on the basis of subjective 
symptoms alone is often difficult The symptoms are complex because of the 
various structuies involved in the henna They depend on the amount of 
mechanical interfeience with the function of the herniated abdominal viscera, 
on the degree of the impanment of the noimal function of the diaphiagm, and 
on the amount of increased piessure within the thoiax causing impairment of 
respiration and ciiculation 

The urgency of establishing a diagnosis is not as gi eat in the case of adults 
as it IS m the case of infants In the latter case it is extremely important to 
establish a diagnosis as soon as possible Many of these infants are born with 
a rapid, feeble pulse, aie cyanotic, and aie often consideied to have cardiac 
disease When infants piesent symptoms of cardiac or respiratory difficulty 
the thorax should be examined immediately, if possible, a 1 oentgenograin 
should be made, and if a heinia is piesent, treatment should be instituted 
immediately 

The pleuroperitoneal hiatus types of hei nia and hei niae due to congenital 
absence of the diaphiagm, which are the most common types of diaphragmatic 
herniae seen among infants and childien, may be considered undei one gen- 
eral heading as both of these types of henna are caused by deficiencies of the 
development of the pleuroperitoneal membi ane, which foi ms the postei olatei al 
portion of the adult diaphragm 
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The foimei (the pleui operitoneal hiatus hernia) is due to a lack of fusion 
of the pleui opeiitoneal membrane with the septum transversum, which re- 
sults in a congenital continuity between the peritoneal and thoracic cavities 
The opening is m the postei olatei al poition of the diaphragm but varies with 
the amount of deficiency which has occuried in the foimation of the pleui o- 
peritoneal membrane The opening is usually triangulai oi elliptic m shape 
and may be entirely within the diaphiagmatic muscle posterolateially, oi 
there may be no diaphiagm postei loily with a tiiangulai shaped opening leach- 
ing to the thoiacic wall lateially with its apex towaid the central tendon In 
this type of henna the abdominal visceia which usually are involved are the 
cecum (appendix), ascending colon, greatei poition of the transverse colon 
and practically all of the small intestine In the largei herniae which present 
posteriorly, the spleen may be involved The stomach is usually m the abdo- 
men It may be markedly dilated and at times extend into the pelvis 

In the second type of congenital henna, which is due to absence of the 
posterior portion of the diaphragm, there is a much laiger deficiency caused 
by lack of formation of that portion of the diaphi agm dei ived from the pleui o- 
peritoneal membiane and probably the wolffian body There aie various 
gradations of the amount of the defect so that the size of the opening vanes 
with the amount of the deficiency of the foimation of the diaphragm It 
usually amounts to approximately a fourth of the hemidiaphragm posteriorly, 
from the angle of the iibs lateially to the median poition of the diaphiagm 
close to but not involving the esophageal hiatus In this type of hernia the 
same abdominal viscera are involved as in the pleuropei itoneal hiatus types 
of hernia The visceia involved are the ascending and transverse colon, small 
intestine and spleen, and, in addition, usually the stomach and occasionally 
the left lobe of the liver The left kidney is usually elevated to a position 
above the level of the diaphragm in this type of hernia, while in the pleuro- 
peritoneal hiatus type of hernia it is below the level of the diaphragm 

It IS difficult to diff ei entiate these two types of henna clinically because 
the roentgenologic examination is often misleading m cases m which hernia 
results fiom congenital absence of the posterior portion of the diaphragm, as 
in many instances, at the time of the roentgenologic examination, the stomach 
is found to be m the abdomen and, at the time of the opeiation, it is found to 
be herniated into the left thoiacic cavity This I believe is due to the weight 
of the barium which causes the stomach to diop into the abdomen where it 
undoubtedly is a great deal of the time duiing life It doubtless goes back 
and forth through the large opening posteriorly because the opening extends 
up to the esophageal hiatus Because of the roentgenologic finding of the 
stomach in the abdomen, this type of heinia may be thought to be a tiue 
pleuroperitoneal hiatus type of hernia rather than due to a congenital absence 
of a larger poition of the diaphiagm 

These herniae larely have a heinial sac, and the abdominal viscera are m 
diiect contact with the thoiacic viscera There is usually a failure of rotation 
of the colon and occasionally the small bowel is enveloped m a congenital 
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peritoneal fold which constitutes an internal heinia In many instances theie 
IS a congenital malformation of the mesentery of both large and small intes- 
tines This IS very important surgically and great caie must be exercised m 
replacing the intestines into the abdomen because of the dangei of twisting 
the mesentery upon itself and obstructing the blood supply to the intestine 
The herniated viscera pioduce marked or complete collapse of the left lung 
and often cause a marked shift of the mediastinum to the light This shifting 
of the mediastinum depends on the amount of distention of the herniated 
abdominal visceia 

As I have stated pieviously, although the esophageal hiatus type of henna 
may be considered to be essentially of congenital oiigin owing to defective 
formation of the esophageal hiatus, it usually does not occui until later m 
life This type of hernia, however, may be of congenital origin and occur 
at biith, but the congenital occurrence of this type of hernia is relatively in- 
frequent as compaied to those herniae resulting from structuial deficiencies 
of the diaphragm 

There are seveial types of esophageal hiatus heimae caused by the situa- 
tion of the muscular defect of the hiatus The most common site of the defect 
in the case of children is postenoi This type of hernia may be thought to 
occur through the aortic opening, but theie is usually a small membranous 
portion of the defective hiatus m front of the aorta and the heinia does not 
occur through the anatomic aortic opening, which, m leahty, is situated back 
of the diaphragm The muscular defect of the hiatus in adult life is more 
commonly situated to the left of the esophagus and permits the stomach to 
extend into the posterior mediastinum and left side of the thoiacic cavity 
Occasionally, the muscular defect m the hiatus is situated posteiiorly In this 
instance, the herniated viscera extend into the right side of the thoiacic cavity 

I believe that the occurrence of these esophageal hiatus heiniae, both the 
congenital and acquired types, has a definite relationship to the embryologic 
formation of the posteromedian poition of the diaphragm as well as to the 
embryologic relationship of the descent of the stomach and the transverse 
septum The tiansveise septum with the pleui operitoneal membrane begins 
to migrate caudally m the y-Mm embryo and lapidly passes the pulmonary 
buds and the anlage of the stomach, placing the greater portion of the lung 
in the pleural cavity and the anlage of the stomach partially above the 
diaphragm 

In the 1 1 -Mm embiyo, the stomach, which has been practicall}'- stationary, 
follows rapidly behind the descending septum transveisum, and in the ly-Mm 
embryo it has viituall}'’ leached its permanent position This descent is made 
possible by the sudden elongation of the esophagus Dm mg this descent the 
right and left doisoplemal recesses are converted into buisae which surround 
the cardia The left bursa usually disappears, and the right bursa, when well 
developed, is known as the "infiacaidiac bursa” and beats a definite relation- 
ship to congenital esophageal hernia 

Inasmuch as the stomach descends behind the septum tiansveisum, if 
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there is a delay in descent of the stomach, the lumbar poition of the diaphiagm 
will be impel fectly developed and the esophageal hiatus will be formed aiound 
the cardiac end of the stomach instead of aiound the esophagus This will 
result m an abnoimally laige hiatus with deficiency both in the muscle ling 
and m the attachments of the diaphiagmatico-esopageal membrane The de- 
giee of the deficiency depends on the amount of gastiic anlage m the thorax 
at the time of musculaiization of the lumbar poition of the diaphiagm In 
rare instances, the stomach may remain m the elevated position as a result of 
a congenitally short esophagus and a partial thoracic stomach will result In 
most instances, the esophagus continues to elongate normally, thus placing 
the stomach below the diaphiagm This abnormal position of the stomach 
will cause an abnormal enlaigement of the esophageal hiatus with a wide 
space between the maigin of the muscle and the wall of the esophagus It 
will also result in impeifect fixation of the diaphragmatico-esophageal elastic 
tissue membiane to the esophagus and stomach and m an abnoimally large 
peritoneal fold extending well down on the cardia of the stomach This ab- 
normal relationship will permit much moie flexibility of the esophagus m the 
enlarged hiatus than is noimal The more defective the foimation of the 
hiatus, the moie likely is herniation of the stomach to occur through it in 
later life The tiue congenital hernia, piesent at biith, may be explained in 
the same way, but it is probable that persistence of the dorsopleural recess 
may be a factoi m the origin of congenital esophageal hiatus hernias 

In the series of 304 cases which I have operated upon, the lelative in- 
cidence of tiaumatic henna was slightly highei among children (19 per cent) 
than It was among adults (134 pei cent) Tiaumatic diaphragmatic hernia 
may be caused by direct or indirect injuiy, or by inflammatoiy necrosis of 
the diaphragm In cases of indiiect injuiy of the diaphiagm, the hernia may 
occur at any point, including points of embiyologic fusion, but the most 
common sites aie the dome and posterior half of the left part of the diaphragm 
However, the injury may occur in the right part of the diaphiagm The 
laceration most commonly occurs in the posterior third of the left hemidia- 
phragm, it may be entirely within the suspended portion of the diaphragm, 
extending to but raiely involving the esophageal hiatus It may extend to 
the thoracic wall and the diaphragm may be partially torn from its attach- 
ment to the thoracic wall In case of direct injury of the diaphragm, the 
hernia may occur at any point and is usually the result of penetrating 
wounds, such as gunshot and stab wounds 

These traumatic heiniae do not have a hernial sac, and the abdominal 
visceia are in direct contact with the thoracic viscera The condition in these 
cases may be moie propeily termed “evisceration of the abdominal organs 
into the pleural cavity” rather than a “true hernia ” The most common ab- 
dominal viscera involved in the hernia are the stomach, colon, small intestine, 
spleen, and occasionally the liver 

The most marked immediate symptoms usually are respiratory and cir- 
culatoiy embarrassment The sudden onset of symptoms m cases of traumatic 
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heinia usually is diiectly attributable to the injuiy and theie is raiely a 
question as to the clinical diagnosis Surgical treatment is demanded because 
of the dangei of cardiac and lespiratory failure oi because of intestinal 
strangulation 


SURGICAL TREATMENT 

The urgency of and the indications for surgical treatment in the case of 
infants and children differ fiom those in the case of adults because of the 
more frequent occuirence of herniae caused by structural deficiencies of the 
diaphragm among infants and children This type of hernia demands im- 
mediate suigical intervention because the longer the interval between birth 
and opeiation the gi eater the technical difficulties and the greater may be the 
hazard of operation If operation is delayed for a long period, the abdominal 
viscera will have lost their right of residence in the abdomen, m that the 
abdominal cavity will not have developed sufficiently to contain them and 
there will be marked increase m the mtra-abdommal pressure when the vis- 
cera are placed in the abdomen At birth, the defect is relatively smaller m 
proportion to the size of the thorax than it is later in life In the case of 
infants who live, the thoracic wall grows away from the posterior margin of 
the defective diaphragm because theie is no posterior attachment The open- 
ing which must be closed, therefore, becomes much larger as the child becomes 
older Even though the diaphragmatic muscle is relaxed by interruption of 
the phrenic nerve, there may not be sufficient diaphragm to span this opening 
In cases m which the hernia is due to congenital absence of the posterior por- 
tion of the diaphragm, the defect is often proximal to the left kidney and the 
pararenal fascia can often be utilized in completing and securing the closure 
after interruption of the phrenic nerve 

One of the chief dangers associated with the repair of these herniae is 
marked alteration of mtiathoracic oi intra-abdommal pressure It is very 
important in these cases that the respiratory function be maintained by posi- 
tive pressure during the operation and that at the completion of the operation 
a negative pressure be obtained and secured in the thoracic cavity A roent- 
genogram should be made at the completion of the operation to insure that 
there is no shifting of the mediastinum owing to the pneumothorax I do not 
permit the patient to leave the operating table until I have seen the roent- 
genogram If there is any shifting of the mediastinum, more air is withdrawn 
to maintain the mediastinum in the midline 

I believe it is advisable to effect a temporary interruption of the phrenic 
nerve preliminary to repair of these herniae, as in some instances it may not 
be necessary for the resultant paralysis to be permanent A piece of black 
silk IS looped around the nerve and anchored to the posterior border of the 
sternomastoid muscle for future localization of the nerve if it is thought neces- 
sary to make the paralysis permanent I do not think it is ever advisable to 
paralyze the diaphragm of an infant permanently unless it is essential to 
repair of the hernia, as such paralysis may lead to an eventration of the 
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diaphiagm which may be associated with gastiic and intestinal symptoms later 
in life A temporal y mteiiuption of the phienic neive will paialyze the 
diaphiagm foi thiee to six months and, in the case of infants, I piefei to do 
this immediately piecedmg the abdominal lepaii of the henna which is done 
undei geneial anesthesia 

I piefei ethei as the anesthetic agent foi infants and cyclopiopane for 
adults In all heiniae in which theic is a diiect continuity between the ab- 
dominal and pleiiial cavities I piefei mtiatiacheal admmistiation of the 
anesthetic agent by means of a positive piessuie machine 

In the tieatment of all heiniae that have occuiied thiough the left poition 
of the diaphragm, I piefei the abdominal appioach by means of an oblique 
left lectus incision, staiting at the ensifoim cartilage and extending to the 
outei boidei of the lectus muscle I believe theie is less iisk of the occuiience 
of thoiacic complications when this appioach is used It is of paiticulai ad- 
vantage in cases of esophageal henna as the hei mated stomach is usually 
confined in a sac in the posteiioi pait of the mediastinum and does not enter 
the tiue pleuial cavit}' Inasmuch as these abdominal visceia have hei mated 
into the thoiax, then tiue lelationship can be moie leadily detei mined by 
following then couise fiom the abdominal side, and if an injuiy to the 
stomach oi othei abdominal visceia occuis duiing the opeiation, it can be 
readily lecognized and immediately lepaiied 

In the lepair of heiniae thiough the light poition of the diaphiagm, I 
prefei the thoracic approach, because the laige, nglit lobe of the livei makes 
the abnormal opening m the diaphiagm inaccessible fiom the abdominal 
approach 

The technical difficulties of adequate exposuie of the heinial openings 
through the left poition of the diaphiagm and the esophageal hiatus aie often 
consideiable because of fixation of the left lobe of the hvei to the leaf of the 
diaphiagm The exposuie of these heinial openings is greatly facilitated by 
cutting the suspensor}^ ligament and letracting the left lobe of the livei to 
the right This can be accomplished, when the left lobe is small, by folding 
It on itself, and when it is laige, by letracting it forwaid into the wound 
The spleen is often veiy adheient to the posteiioi part of the diaphiagm and 
hernial openings, but usually can be sepaiated from these stiuctuies by blunt 
dissection In some instances the spleen has been so injuied and so firmly 
fixed in its abnormal position by adhesions that it cannot be sepaiated from 
the hernial opening without serious injury This not uncommonly occurs in 
the traumatic types of heinia and occasionally m esophageal hiatus herniae 
In such instances, splenectomy is necessary 

In congenital herniae of infants, it is veiy important to lemove caiefully 
the herniated visceia fiom the thoiax diiectly into the abdominal cavity and 
not permit the intestine to be exposed oi injuied with sponges any more than 
IS absolutely necessary, as this adds a gieat deal to the shock of the operation 
Great care should be exeicised in caiefully replacing the viscera in the abdo- 
men so as not to produce a volvulus oi interfeience with the blood supply 
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Aftei carefully replacing the viscera into the abdomen, the abnormal opening 
in the diaphragm is closed with intenupted silk sutures In the case of 
adults, the tissues are first stabilized by interrupted silk sutures and then fascia 
lata which has been removed from the thigh, is interwoven between the over- 
lapped layeis and along the margin of the closure The latter method is 
particularly advantageous in cases of traumatic heiniae in which the dia- 
phragm has been torn from the thoracic wall 

In all cases in which theie has been a direct communication between the 
abdominal and the thoracic cavities, every effort should be made to leestab- 
hsh the negative pressuie within the pleuial cavity by removing the an and by 
expanding the lung befoie the opening in the diaphragm is closed completely 
In some instances, this cannot be accomplished until after the rent in the 
diaphragm has been closed In some cases pneumothorax may push the 
mediastinum and heart to the opposite side and cause marked embarrassment 
of lespiration and circulation In these cases it is impeiative that the medi- 
astinum be stabilized in the midline immediately, by aspiiating the air from 
the pleural cavity with a needle until the pressuie becomes negative I think 
it advisable to make a roentgenogiam befoie the patient leaves the operating 
table, for the puipose of determining the amount of pulmonaiy expansion 
present 

Most patients are given a blood tiansfusion eithei during or immediately 
after the operation The blood of every patient is giouped foi tiansfusion 
before the opei ation If the systolic blood pressui e decreases to 90 Mm Hg , 
01 less, the patient should leceive a tiansfusion of blood I believe it is very 
important to maintain blood pressuie at a faiily constant level and not permit 
It to drop moi e than 20 Mm Hg below the noi mal preoperative reading I 
prefer the use of blood transfusions to the intiavenous use of solutions to 
maintain the blood pressuie Blood tiansfusions aie also advisable in all 
cases in which the hernia is associated with loss of blood that pioduces sec- 
ondary anemia 

If theie IS excessive mucus in the bronchi and lungs at the time of opera- 
tion, it IS imperative that it be removed by aspii ation through the intiatiacheal 
tube used for the administi ation of the anesthetic agent, or by the use of the 
bronchoscope before the patient leaves the operating table 

On removing the patient to his bed, which has been made warm by hot 
water bottles, external heat is applied to the patient by use of additional hot 
water bottles Fifty-eight to 60 pei cent oxygen is administered in an oxygen 
tent until the patient has fully lecoveied consciousness, and the administra- 
tion is continued theieaftei as indicated Aftei the patient has fully regained 
consciousness, the oxygen may be admmisteied with a nasal mask 

RESULTS 

The results of opei ation in this senes of 304 cases of various types of 
diaphi agmatic hernia, in which 283 of the patients were adults and 21 were 
children, were as follows There weie 15 deaths following operation in the 
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entiie senes, oi an opeiative moitality of 49 pei cent Eleven deaths oc- 
cuiied among adults and foui among childien Of the ii deaths among 
adults, nine occuired after opeiation foi esophageal hiatus type of henna, one 
aftei opeiation foi lepaii of henna due to congenital absence of the postenoi 
portion of the diaphiagm, and the leniainmg one aftei opeiation for tiaumatic 
diaphiagmatic henna The cause of death m these ii cases was pneumonia 
and pulmonaiy edema in five, caidiac disease and coionaiy scleiosis in thiee, 
ceiebial embolism in one, pulmonaiy embolism in one, and mesentenc 
thrombosis in one 

Of the 21 infants and childien opeiated upon, foui died Thiee died aftei 
opeiation foi pleuiopentoneal hiatus type of henna, and one aftei opeiation 
foi repair of congenital absence of the postenoi poition of the diaphiagm 
These childien were 7, 9, 18, and 24 months of age, respectively, and in all 
instances death occuned nithin 48 houis aftei opeiation One child died at 
the time of operation soon aftei the opening m the diaphiagm had been ex- 
posed hut before the lepan of the opening had been begun The causes of 
death of the four childien weie lespiiatoiy and caidiac failure, with paitial 
atelectasis of the lung 

Theie weie nine lecunences, all of nhich occuned among adults who had 
esophageal hiatus types of henna Of these nine patients, five had no re- 
currence of symptoms and lecunences weie diagnosed because of a small pio- 
trusion of the cai dia of the stomach above the diaphragm Tin ee of these five 
patients had a modeiate shortening of the esophagus befoie opeiation In 
this type of hernia it is not uncommon to find a small portion of the caidia 
above the diaphiagm following opeiation Tins may not pi ogress and le- 
operation is not indicated unless theie is lecuiience of symptoms In the 
case of the remaining four patients theie was a definite lecuiience of the 
hernia and subjective symptoms A second opeiation was necessaiy for com- 
plete relief of symptoms m tin ee cases and pai tial relief 111 the 1 emaming case 
There were no lecunences following operation in any of the othei types of 
herniation among adults, and no lecunences following opeiation m the case 
of any of the children 

Of the entire series of 304 patients who were operated upon foi vaiious 
types of diaphragmatic hernia, 289 recoveied from opeiation, foui of the 
289 required a second operation befoie obtaining relief of symptoms 

Discussion — Dr Albert O Singleton (Galveston, Texas) I was 
very glad that Doctor Hairmgton should make his maiden presentation before 
this organization on diaphiagmatic henna, a subject upon which he is such 
an outstanding authority We have been in a quandary relative to the 
method of lepair of some of these difficult herniae In those about the 
esophagus in which there is an absence of diaphragm between the esophagus 
and aorta, a great deal of difficulty has been experienced In two instances, 
we have transfeiied the esophagus further forward in its diaphragmatic 
penetration and closed the diaphragm behind the esophagus In two cases 
of very large hernia in the anteiior portion of the diaphragm, we have found 
It necessaiy to transplant a large patch of fascia from the thigh, and it has 
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functioned satisfactorily We have also experienced a considerable degree of 
satisfaction in operating upon laige diaphragmatic herniae, othei than eso- 
phageal, thiough the thoiacic appioach, finding it much easier than through 
the abdominal approach I should be very much pleased if Doctor Harring- 
ton would comment upon these points which I have mentioned 

Dr J D Rives (New Orleans, La ) I should like to comment on one 
of the questions asked by Doctoi Singleton In the case of a very large de- 
fect such as he has described, it is quite likely that the best approach would 
be abdominal, because until exploiation has been made it might well be im- 
possible to determine the location and size of the opening m the diaphragm 
This would not inteifere in any way with the use of the procedure ue have 
proposed for the closuie of large defects in the anteiioi poition of the dia- 
phragm, provided the exploration had been undei taken through a midline 
or a tiansrectus incision I believe that the mobilization of the tiansversus 
abdominis would provide a well-vasculaiized sliding graft that would serve 
the purpose admirably, and it would be mucb simplei to do this than it would 
be to obtain a free graft from some othei location 

Dr S W Harrington (Rochestei, Minn closing) Theie is considei- 
able diffeience of opinion among suigeons concerning the details of the 
opeiative technic foi diaphi agmatic heima Limited time did not permit me 
to discuss many of these technical problems 

Doctor Singleton has asked foi discussion of two important technical con- 
siderations, namely, the type of appioach to be utilized (whethei through the 
thoracic or the abdominal cavity), and the method of closure of esophageal 
hiatus hernia caused by structuial deficiency of tbe hiatus posteriorly 

I have used both the thoiacic and abdominal methods of approach I 
prefer the abdominal approach foi all hei niae tin ough the left hemidiaphragm 
because when it is used I believe theie is less iisk of thoracic complications 
For herniae thiough the light hemidiaphiagm, I prefei the thoracic approach 
because the laige light lobe of the Iwer interfeies with exposure of the hernial 
opening In some types of heinia, such as traumatic henna and henna due 
to congenital structuial deficiency of the leaf of the diaphiagm, the type of 
approach may be considered to be the suigeon’s choice, because tbe defect 
usually is accessible for repair by eithei method In the treatment of eso- 
phageal hiatus hernia, however, I believe that theie are many fundamental 
advantages in utilization of the abdominal appioach, because this type of 
hernia is sliding and does not enter the pleural cavity, lathei, it enteis the 
posterior portion of the mediastinum, behind oi lateral to the pencaidium 
Removal of the hernial sac or the attachments of the sac to the stomach 
IS one of the important steps in the opeiative lepaii of these hernias The 
attachments of the hernial sac to the stomach can be exposed only b)'^ the 
abdominal appioach The piesence of any associated esophageal lesion, such 
as traumatic eiosion oi ulcei, oi any injuiy to the herniated abdominal vis- 
cera occuning during the operation, can be lecognized readily and tieated, 
if necessaiy, thiough this approach 

The type of defective hiatus piesent can be determined, and heinia due 
to the posteiioi structural deficiency of the hiatus can be lepaiied with less 
iisk of injuiy to spleen, aoita, and caudal lobe of the livei 

Anothei impoitant technical consideration in the lepair of posteiioi hiatal 
hernia, is mtei ruption of the left phi enic nei ve for elevation of the diaphragm, 
so that the opening can be closed aiouiid the esophagus at a higher level, 
since there is usuall)'- a moderate shoitening oi contraction of the esophagus 
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• which elevates the caidia of the stomach It is also important to imbricate 
several stiands of fascia lata into the closuie of the posteiioi maigms of the 
hiatus This pioceduie usuall}^ insuies a veiy satisfactoiy and stiong closure 
of this elevated position of the esophagus above the cardia I have utilized 
this method of tieatment of true congenital shoit esophagus of modeiate 
degiee, m which the suigical pioblem is not only lepair of an enlarged hiatus 
but also elevation and leconstiuction of the diaphragm above the caidia of 
the stomach 

As to the question of lepaii of antenoi defects of the diaphiagm, I may 
say that I have opeiated upon fotii patients who had piesented laige struc- 
tural deficiencies of the muscle, and I obtained veiy satisfactoiy lesults by 
utilizing the fascia of the lectus muscle and leenforcmg this with the lotind 
ligament of the liver 
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BRIEF COMMUNICATION 

INTRAMAMMARY HEMANGIOMA* 

Frank Ward Smathe, M D 
Mimphis, Tfnn 

Hemangiomata are not often found in the breast Deaver and McFai- 
land,^ in 1917, summarized only 13 cases fiom the literature, dating back to 
1837 Menville- found nine cases in 3,000 hi east tumors, at the Johns Hop- 
kins Laboiatoiy Bloodgood- said he, personally, had never explored one 
Johnston,^^ during a 15-year peiiod, at the Univeisity of Maryland Medical 
School, noted only one hemangioma in 666 hi east tumors In a six-year 
period, at the Skin and Cancel Unit of the New Yoik Post Graduate Medical 
School and Hospital, theie \\ere 900 benign bieast tumors From these, 
Cholnoky'* found nine hemangiomata The lecoids of the last 1,184 breast 
tumors admitted to the foui laigest hospitals in Memphis (John Gaston, St 
Joseph’s, Methodist, and Baptist Memoiial) show four cases of hemangioma 
Thus m a total of 5,750 cases, 23 hemangiomata were found, comprising a 
low peicentage ( 004 pei cent) 

The ratio of those occuinng m females to males was 10 5 to one Their 
ages at the time of examination vai led from 1 1 weeks to 64 years, although 
most were between 20 and 40 

There aie two types of bieast hemangiomata The capillary and the cavern- 
ous The latter are moie fiequent Most of the tumors are benign, al- 
though some are malignant In 1928, Wright'' states “Malignant tumors of 
the blood vascular system, which metastasized to other paits of the body via 
the blood stream, are very rare Less than one dozen of such proved cases 
have been reported ’’ He sepaiated these into two classes (i) those with an 
appaiently benign stiucture, and (2) those with a malignant one He, fur- 
ther, believed that the structure in the metastases was always similai to 
that of the parent tumor Robinson and Castleman® state “that only four 
authentic cases have been reported Two of these weie piimarily in the 
breast” (Boormann’s'^ and Ewing’s®) 

A few cases of metastasizing angiomata of the breast, having a malignant 
structure, have been reported ii angiosaicomata, by Schmidt®, one similai 
tumor, by Onsy^®, and a malignant hemangio-endothehoma, by Menville- 
Ewing® had seen only two metastasizing angiomata, and one of these was 
from the breast 

* 

INSTANCES OF HEMANGIOMA OF THE BREAST OCCURRING IN THE MEMPHIS 

HOSPITALS 

Case I — White, male, age 40 A hard, smooth, mobile mass, 2 cm in diameter, 
in lower outer quadrant of left breast No fixation, nipple normal, no drainage, no 

* Read before the Southern Surgical Association, Pinehurst, N C, December 9-11, 

1941 
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regional adenopathj'', no pain, no histoiy of tiauma Cltnical Impicsstou Benign solid 
tumor Operation in 1922 Excision of mass Pathologtc Diagnosis Benign heman- 
gioma Result, no follow-up 

Case 2 — White, female, age 32 A hard, rounded, smooth, mobile mass, i cm 111 
diameter, m lower outer quadrant of left breast, no fixation to skin, nipple normal, no 
discharge, no regional adenopathy, no pain, no trauma Chmeal Impicsswn Benign solid 
tumor Operation October 29, 1940 Excision of mass Pathologic Diagnosis Benign 
Iiemangioma Result, apparently cured to date 

Case 3 — White, female, age 59 A hard, 1 ound, smooth, mobile mass, 2 cm in 
diameter, m lower outer quadrant of light breast, no fixation to skin, nipple normal, 
no dischaige, no pain, no tiauma. no icgional adenopathy Clinical Impicssion Benign 
solid tumoi Opeiation December 8, 1940 Excision of mass Paflwlogic Diagnosis 
Benign hemangioma Result, appaiently cured to date 

Case 4 — White, female, age 18, seen April 21, 1938 A hard mass, about 6 cm in 
diametei, in uppci outer quadrant of left breast, bordcis smooth, outline irregular, mobile, 
no fixation to skin Slightly tender on piessuic Nipple was normal No discharge, 
legional nodes not palpable Present for eight months It was fiist noticed ten days 
before a normal menstrual period and a few da\s after a severe contusion Thiee 
months later, after another tiauma, the mass increased in size and beneath the skin was 
a purpuric discoloration On two occasions small purpuric spots had been noticed over 
the opposite breast However, repeated blood studies, including platelet counts, bleeding 
and coagulation times show'cd no evidence of a blood dysciasia Tourniquet tests w'ere 
negative Clinical Impicssion Benign mass, probably traumatic fat necrosis Operation 
April 22, 1938 Cautery excision of mass Pathologic Diagnosis (frozen-section) 
Angioma 

On June 18, 1938, appendicectomy for an acute appendicitis 

December 19, 1938, apparentl} a reappearance of tumor in left breast No palpable 
nodes Roentgenogram of chest clear Rocntgcnothcrap\ for reappearance April 19, 
1939. apparently cured October 15, 1940, coughing and loss of w'eight No mass felt 
in breast, no palpable nodes Roentgenogram of chest did not show^ inetastases No cells 
w'cre found in sputum Symptoms continued Further stud}' of peinianent sections gave 
the impression of malignancy This was confirmed by Dr James Ewnng On Novem- 
ber 30, 1940, roentgenograms revealed pulmonary inetastases In March, 1941, pulmonary 
symptoms aggravated Nausea, headache and clicked disks pointed to cerebral raetastases 
A dowmvard course continued, in spite of palliative therapy, at Memorial Hospital, New 
York, and patient died June 21, 1941 

Autopsy — Dr F W Stew'art 

(1) Capillary angiosarcoma of left bieast (no evidence of residual disease) 

(2) Metastatic angiosarcoma to lungs, omentum, mesentery and both ovaries 

(3) Secondary hypoplasia of uterus 

(4) Atrophy and fat replacement of breasts 

(5) Anemia, probably secondary from hemorrhage into disseminated tumor metas- 
tases 

(6) Healed surgical wounds of breast and abdomen 

Pathologic Diagnosis — Malignant metastasizing capillary angioma Most of the 
nodules are hemonhagic and paitially necrotic through infarction 

Extreme atrophy of endometrium with cystic degeneration of nodes 

Marked hyalinization of splenic arterioles (possibly lesult of radiation)^ 

This lather complete summaiy of Case 4, peimits thiee conclusions (i) 
The frozen-section diagnosis was incorrect (2) The reappearing primary 
tumor was sensitive to loentgenotherapy (3) The inetastases were via the 
blood stieam 
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Diagnosis of these tumors is not easy They may be diffuse or circum- 
sciibed, smooth or irregulai in outline, soft oi hard Pam may oi may not 
be present They may or may not be diminished in si/e on compression 
Some pulsate, otheis do not A hruiP^ may be heaid Tiansillummation is 
of no definite value If the lesion is neai the surface, there may be some dis- 
coloration or an infia-red photogiaph may piove of value 

Shelly^® concluded “A unilateial tumoi of the bieast that increases rap- 
idly in size deci eases m size on compiession, only to return rapidly on re- 
laxation, and which may oi may not have a bunt oi tin ill, should be sug- 
gestive When the angiomatous tissue is piesent m the integument, this only 
adds to the cei taint)' of the diagnosis ” 

Foi the tieatment of hemangiomata almost all methods of local attack 
have been used — injections of perchloride of iron, boiling watei and, moie 
lecentl)', scleiosmg sohitwns, electiolysis, actual cauteiy, i oenigenoiberapy, 
ladium and suigery 

Opeiation is the best tieatment — foi the small tumoi, a wide excision, 
foi the laige one, a mammectomy With a very large and extremely vascular 
hemangioma of the hi east, it might be adAUsable to admmistei roentgeno- 
theiapy befoie the operation 
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Discussion — Dr Bradley L Coley (New Yoik, N Y) Doctor 
Smythe has presented a case of extieme rai'ity The lecoids of the Memorial 
Hospital, which contain those of some 20,000 bieast cases, show only one 
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othei similai case In lepoiting the essential facts of oui case, it is hoped 
that fiuthei light may be shed upon this laic condition 

Case Report —An unmai ned Jewish female, age 22, was admitted to the Hospital 
for Special Surgeiy (formerly the Hospital foi Ruptured and Crippled), August, 1925, 
complaining of a lump in the 1 ight bi east Three months previously she had been struck 
111 the right breast by her sister’s elbow , a blow had been sustained 111 the same breast 
two months piior to that In the interval elapsing between these two injuries, a lump 
was noticed which had increased onb slightly m size up to the time of admission There 
was no historj of mammary tumoi in the family 

On physical examination, the lower half of the light breast was found to be about 
twice the size of the normal side Theie was a purplish-colored, distinctly localized 
swelling below the nipple, wdiich represented the encroachment of this mass on the skin 
The mass was not so hard as carcinoma It was thought that the giowdh w-as more 
characteristic of angiosarcoma or endothelioma Except foi the small purplish skin 
area described abo\e, the icst of the skm w-as normal m appeal ance and texture 

PicvwHS Ticafmciit — The patient’s first medical adviser earned out local applica- 
tions for two weeks without improvement A smgeon was consulted, w'ho made an 
incision into the mass Following this operation the patient w'as assured that the mass 
w'ould disappear A month and a half later, the condition being no better, this surgeon 
ad\ised another operation, w'hich was performed, November 13, 1925, and w'hich, appar- 
ently, consisted of removal of the mass by an incision from beneath the breast A recur- 
rence followed, W’hich was treated by another physician w'ho inserted radium needles, tc , 
nine needles left m place for tw’o and one-half houis, over an mter\al of six w'eeks 

When first seen by me, June 29, 1926, there W’as an indurated area m the inferior 
quadrant of the right breast, involving the operative scar This induiation was movable 
over the chest, but the skm ovei it w'as not freely movable Directly beneath the nipple 
area it w'as definitelj fived to the skm There w’as no axillary adenopathy A diagnosis 
of recurrent angiosarcoma was made, and an immediate radical mastectomy w’as per- 
formed The raw’ area on the chest w’all resulting from the w’lde skin excision w'as allowed 
to granulate, and it liealed m six weeks Thereafter a total of 16 loentgen ia\ treatments 
were administered to the axillae, riglit and left, m three couises given m Jub and Sep- 
tember, 1926, and m January, 1927 

The pathologic diagnosis w’as that of malignant angiosarcoma In December, 1926, 
a recurrence, about 2 cm m diametei, w’as noted, and on Dccembet 14, 1926, an excision 
W’as carried out, and the area was covered w’ltli a full-thickness giaft taken from the 
abdomen 

On January 5, 1927, there was rocntgenographic evidence of metastasis m the left 
upper chest Tw’o months latei the patient died, the whole course of the disease being 
less than two years 

It IS interesting to speculate on what the outcome of this disease would 
have been had a prompt diagnosis been made, and a wide excision — or pief- 
erably complete removal of the hi east — had been earned out It is obvious 
that this tumor was highly malignant and metastasized by the blood stieam 
It was not appaiently influenced by the ladiation theiapy, although 15 years 
ago the ladiation methods were less effective than those in use to-day 

In retiospect, it would seem that this patient had an incision into the 
tumoi Then there was a delay of six weeks befoie excision of the tumor 
was earned out Theieafter, a lecuiience was tieated by the insertion of 
mdium needles which weie allowed to lemain for two and one-half hours 
Finally, an adequate radical smgical pioceduie was undei taken, but evidently 
too late, and lecurrence and metastases to the lungs eventually ensued 

A plea IS made for earlier recognition of the condition and wide surmcal 
removal 
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BOOK REVIEW 

SiaN Grafting By Earl C Padgett, M D 

The Charles C Thomas Compan\ have added another monograph to their library of 
vital and timely books on surgical problems with the contribution b\ Earl C Padgett on the 
subject of “Skin Grafting ” 

The unusually high standard of craftsmanship which the Thomas Compan> has estab- 
lished IS maintained, as was to be expected, and it makes the reading of the book not only 
easy, but a real inspiration to the younger suigeons of this generation who are beginning to 
appreciate the necessity for earlj and massive skin grafting m wounds of the soft tissues 

Although skin grafting is one of the oldest of surgical procedures, it was not until 
comparatively recent years that the surgical profession has employed it as we now know it 
should be done In the preface the authoi rightU gives credit to Blair and Brown for 
introducing, in 1929, the method of so-called massne split-grafts This consists in the 
cutting of a graft considerably thinner than the old full-thickness or Tiersch graft, and 
somewhat thicker than the type of skin graft formerh used That the ideal skin graft of 
such thinness as to secure successful transplantation, and leave the donor’s site capable of 
spontaneous regeneration, can be almost routinely obtained w'lth Padgett’s dermatome is 
one of the outstanding contributions to surgical technic of the present time With this 
instrument the inherent human factor and the iinpossibilih of controlling absolutel> the 
level of the hand-held knife are eliminated bj the mechanical knife Padgett has devised 
He has found that as a rule grafts cut by the hand method, even by the experienced, 
vary from 008 to 016 inch m thickness, wdiile with the dermatome one can routinely 
remove a sheet four to eight inches in area and 020 to 024 inch thick, which insures the 
practical certainty of a take 

In addition, Padgett discusses m this monograph the other factors' involved in a suc- 
cessful take, such as proper fixation, tension, hemostasis, pressure, and a clean granulating 
surface 

Surgeons who have followed Padgett’s technic m using this instrument generally agree 
that the failures to take, which averaged 20 per cent or more of the full-thickness grafts in 
the past, have been practically eliminated 

It w'ould seem that this is a book that should be m the librarj of every hospital and of 
every general surgeon who undertakes the responsibility of traumatic surgeri 

W\LTrR Estfll Li i , M D 
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Postmortem specimen sliowinp tindei surface of liver Duodenum and stomach laid open re 
vealing cholecj sto enteric fistula A small stone can be seen projecting through gallbladder fundus 
into duodenum Distal to this point there hate been replaced, for photographic purposes three 
stones which were ultimateh found impacted in the lower ileum and causing death from obstruction 
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INTESTINAL OBSTRUCTION PROM GALLSTONES ' 

Harold L Foss, IM D , 

AND 

J Dent Summers, MD. 

DANMLLE, PA 

rnoM Tnr scnriCAL srnMcr or TnEcioncr r crisiNCEn VEiionuE iio'^pitae, banmilf pi 

Intestinal obstruction fiom gallstones canies one of the highest 
mortalities among the vaiioiis causes of acute bowel obstiuction It is likely, 
at first, to be but partial while the inteimittent and none too chaiacteiistic 
symptoms, all to frequently, cause fatal delay m tieatment By the time 
obstruction becomes complete the patient is, frequently, giavely ill, this being 
especially tiue if the obstruction occms, as it usually does, high in the intestinal 
tract 

Bartholin,- in 1654, is credited Mith the fiist published lepoit of a gallstone 
perforating into some portion of the intestine Courvoisiei m 1890, analyzed 
all the then leported cases, 13 1 m numbei, his papei being one of the first to 
focus attention on the pi oblem A moi e recent and moi e compi ehensive con- 
tribution, made by von Wagner,^® in 1914, piesented an analysis of 334 cases 
which were found recoided in the available hteiature 

In reviewing this subject one is impiessed by the fact that 1 datively little 
has been written regarding it during the past 20 yeais, the majoiity of the 
papers in this time consisting of isolated case repoits It is oui puipose to 
present an analysis of ten peisonally treated patients and a review of 140 other 
reported cases, constituting the most significant records of the past two decades, 
in the hope that, from then collective study, salient points may be emphasized 
which may prove helpful in a better understanding of gallstone ileus 

Incidence — The occurrence of gallstone obstiuction is lare, the incidence 
given in vaiious reports, in relation to othei causes of intestinal obstiuction, 
varying from I to 5 pei cent Vick,^'^ m an analysis of 6,892 cases of intestinal 
obstruction seen in 21 London hospitals duiing the period 1925-1930, refers 
to gallstones as the etiologic factoi m 47 instances, a percentage of o 68 Dulm 
and Peteison® stated, m 1939, that m the University of Iowa Hospital they 

♦Read before the Southern Surgical Association, Pinehurst, N C, December 9-11, 
1941 


721 



FOSS AND SUMMERS 


\nnals of Surgery 
M > 19 4 2 


had seen ten cases dining the preceding ten-yeai peiiod, accounting foi 53 
per cent of all the cases of intestinal obstuiction duiing that period A siiivey 
recently conducted undei the auspices of the British Medical Association 
revealed gallstones as the cause of intestinal obstruction in less than i pei 
cent of all obstiuction cases leported fiom seven London hospitals Mai tin/- 
from a questionnan e sent to a number of American suigeons, indicated that, 
among approximately one-half million operations, theie weie but 16 cases of 
intestinal obsti uction due to stones, or one among each 30,000 opei ations 

During the past 15 pears the lelative incidence in oui own hospital has 
been 4 per cent In personal communications from other institutions the 
incidence was given as i per cent 01 lower dm mg the corresponding period of 
time These percentages indicate that the incidence is so lelatively low that 
the surgeon may expect to encounter but a few cases during a lifetime, yet 
Dickson” states that he had had four personal cases m seven years The author 
has treated four patients during the past three yeai s and ten in 25 years among 
2,720 gallbladder patients admitted to his service (Table I) 


Tablf I 
INCIDENCn 

Geisinger Memortal Hospital 
Service of Dr H L T oss 

Patients iiith diseases o£ gallbladder and biliary ducts 2 720 

Patients with intestinal obstruction due to gallstones 10 

Incidence of gallstone obstruction among total gallbladder cases 0 3% 

The relative ratio of cholelithiasis incidence in the female and male is 
generally given as five or six to one It is natuial to expect that the ratio 
should be essentially the same m gallstone ileus In the collected series studied 
there were 130 females and 20 males, a ratio of 6 5 to one (Table II) In the 
study of 150 cases the average age was 628 years The youngest and oldest 
patients were 31 and 83, respectively, with 55 being in the sixth decade and 
41 m the seventh decade (Chait I) 


Table II 


130 
20 

Total ISO 

Ratio of 6 5 to I 

Mechanism of Peijoiatwn — Entrance of gallstones into the intestinal 
tract may occui m two possible ways First, through the cystic and common 
ducts, and, secondly, by means of a fistulous opening between the gallbladder 
and some portion of the bowel Probablji all gallstones producing obsti uction 
pass by the latter route, and some writers^** go so far as to say that a gallstone 
large enough to cause obstiuction is never capable of passing through the 
common duct and must necessarily reach the intestine via a cholecysto-enteric 
fistula Murphy,^'’ hovever, cites the incidence of a stone measuring 4 5x2 7 
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cm tiansveising the common duct Cabot^ tieated a patient in whom he found, 
at opeiation, sevcial diveiticula of the duodenum, and he speculated as to 
whethei oi not the fistula found between the gallbladdei and duodenum had 
been foimed m the base of a diveiticulum 

The most common pioceduie is foi the 
stone to peifoiate thiough the gallbladdei 
fundus into the duodenum oi uppei ileum 
Howevei, fistulae aie lepoited^^ as having 
been found connecting the gallbladdei and 
the stomach, the jejunum, the ileum, the 
colon, and even the uimaiy bladdei A 
study of postmoitem findings in 42 patients 
m this stud)" of collected cases levealed the ^ 
site of the fistula to be between the gallblad- ■= 
der and the duodenum m 41 (Fig i) In ^ 
one case theie was no fistula, but the cystic ^ 
and common ducts weie dilated sufficiently | 
to have peimitted the passage of the stone 
Wakefield, Vickeis, and Walteis,^® studying 
operating room and autopsy findings, found 
that, of 176 cholecysto-enteiic fistulae ob- 
served at Rochestei, the tiact occuiied be- 
tween the gallbladdei and duodenum m loi, 
between the gallbladdei and colon in 33, and 
between the gallbladder and stomach in 
seven This infoiination, dealing w’th the 
site of the fistula, agiees geneially with the 
findings of othei authois The fact that the 
gallbladdei normally lies anteiioi to the fiist pait of the duodenum and 111 the 
closest proximity to it, accounts foi the fistulae foiming between these two 
stiuctures in the majoiity of instances 

The piocess of perforation begins, natuially, with cholelithiasis followed by 
ulceration and erosion of the gallbladdei wall and fistulous tiact formation 
Associated pericholecystitis fiist causes foimation of adhesions between the 
gallbladdei and some poition of the intestine, the peifoiation occurring within 
a mass of inflammatoiy tissue which piobably accounts foi the usual absence 
of an associated peritonitis In many instances the gallbladder ati opines aftei 
It has emptied itself and has forced the stone into the bowel, as is evidenced 
by the usual findings of small contracted fibious gallbladdei s and the fibious 
lemnants of a cholycysto-entei ic fistula at the time of operation or postmoitem 
examination 

Intestinal obstiuction may occur without the gallstone actually enteiing 
into the lumen of the intestine Wakefield, et al cite two instances 111 which 
the gallbladder had peifoiated into the mesentery of the small intestine and 
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the subsequent tumefaction and abscess formation were sufficient to produce 
the clinical signs and symptoms of intestinal obstruction In both cases un- 
eventful recoveries followed opei ation 



Fig I — Roentgenogram of stomach and duodenum of patient with 
cholecysto enteric fistula Arrow points to projection of opaque medium 
through fistulous tract, uniting gallbladder and duodenum with gas bubble, 
immediatelj above, in gallbladder fundus 


Symptoms and Diagnosis — The symptoms of intestinal obstruction due 
to gallstones are less clear-cut than when obstruction results from other and 
commoner causes Essentially, the clinical picture is that of ileus, but there 
are certain features of the symptom complex that may suggest the possibility 
of a gallstone being the causative factoi 

In the majority of cases there is a long and usually intermittent history 
of gastiic distress and epigastric pain With a few patients there is a definite 
history of biliary colic In ten (15 per cent) of the 150 cases analyzed there 
even had been jaundice If a patient, particularly a female in the latter decades 
of life, has symptoms of intestinal obstruction with a past history suggesting 
gallstones, one should consider the possibility of gallstone obstruction It is 
possible, of course, to have similar symptoms m intestinal obstruction from 
commoner causes, yet, m such instances there should be objective findings 
such as hernia, weight loss, anemia, and the other characteristic signs of 
malignancy of the intestinal tiact The latter type of obstruction is likely to 
be more gradual in its development due to the progressive narrowing of the 
lumen, whereas gallstone ileus, characteristically, presents intermittent symp- 
toms followed by suddenly occuri ing complete obsti uction While the opaque 
enema is of value 111 ruling out an obstructing neoplasm of the colon, it is of 
little aid when the obsti uction is due to a gallstone, as the majority of obstruc- 
tions occur m the small intestine A plain film, however is of the greatest 
assistance 
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Associated gallbladdei disease and the slow development of the obstruction 
may obscme the pictuie To quote Dulin and Peteison® “If there has been 
pieMously lecognized disease of the gallbladdei, the eaily symptoms of ob- 
struction aie easily mismteipieted since the pain, nausea and vomiting resulting 
fiom the obstiuction aie not unlike those of acute biliary colic ” 

Surpiisingly, peiforation may occiii and not be accompanied by pain or 
discomfoit However, in the majoiity of instances theie is experienced an 
acute episode of epigastnc pain which the patient leports as being of a some- 
what different chaiactei fiom that of pievious attacks of gallstone colic which 
may have been expeiienced It is also common to discovei no past history 
that might suggest the piesence of chronic cholecystitis oi cholelithiasis As 
shown in Table III, in this senes 23, 01 15 3 per cent of the 150 patients. 

Table III 

SIGNiriCANT DATA IN PAST HISTORY OF ISO PATIENTS 

Collected Senes 

Number of 


Patients Percentage 

Previously good health 23 15 3% 

Pam compatible ith gallbladder colic 70 466% 

Pain compatible with perforation of gallbladder 48 32 0% 

History of jaundice IS lo 0% 


specificall}^ affirmed that, pievious to the onset of the obstiuction, they enjoyed 
the best of health It is in such cases that it is difficult to make a pi unary 
diagnosis The diagnosis is often delayed because of an indefinite histoiy of 
intermittent partial obstructive symptoms unassociated with any evidence sug- 
gesting gallstone disease In such cases one might be doubtful as to whether 
or not the obsti iicting stone was actually a gallstone oi an intestinal enterolith 
In the present study, 48 patients, 01 32 pei cent, gave a definite past histoiy 
of epigastric pain which, in contrast to pievious episodes of biliaiy colic or 
epigastric pain and discomfoit, could be intei preted as being associated with 
the process of perforation 

Intestinal Obstiuction — Aftei a gallstone peifoiates the intestine it 
may pass spontaneously without causing symptoms 01 there may be inter- 
mittent obstructive symptoms which, after a vaiiable time, disappear as the 
stone IS expelled per rectum 01, finally, the stone may fail to leave the small 
bowel and ultimately completely block it An important factor is the size of 
the stone Hennessy^^ states that if the calculus is less than two or three cm 
m dimension, the chances are that it will pass spontaneously Of von Wag- 
ner’s^® 334 accumulated cases, in 93 the stones passed spontaneously Usually, 
when the stone reaches the rectum the patient becomes aware of a sense of 
pressui e and has tenesmus and a constant urge to defecate Occasionally me- 
chanical removal of the stone under an anesthetic becomes necessaiy 

The usual happening, with a large gallstone, one 25 Mm in diameter or 
larger, is for it to become wedged in the intestinal tiact and cause intermittent 
partial or complete obstiuction The size of the calculus at the time of the 
perforation may be of such pioportions as to preclude spontaneous passage, 
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01 it may act as a nucleus foi the deposition of fecal concietions so that it 
becomes impossible for peristaltic action to move it furthei As the stone 
becomes arrested m its couise the bowel is tin own into a violent spasm and 
there occur severe colicky attacks associated wuth nausea and vomiting As 
the spasm relaxes the symptoms subside only to leciir after variable peiiods of 
time as the stone becomes impacted faither along the intestinal tract If the 
calculus once passes into the cecum its course is usually uninteriupted unless 
It IS temporal ily arrested in the rectum In the piesent collected series the 
location of the obstruction, m 125 of the patients, was in the ileum, and, of this 
number, 88, or 704 per cent, w^eie m the terminal poition, within 12 inches 
of the ileocecal valve (Table IV) 

Table IV 

or OBSTRUCTING GALLSTONE 
Collected Series 


Total 

* Eighty eight or 70 per cent ■neremthe/rrmtiiohleum 

The higher the point of obstruction the more seveie the symptoms It is 
only m the late stages that vomiting becomes fecal, which, as Handley^® has 
aptly said, “Is not a sign of intestinal obstruction, but lather a herald of ap- 
proaching death ’’ If the stone is lodged in the duodenum or upper portion 
of the ileum, abdominal distention is not a prominent feature and visible peri- 
staltic waves and intestinal pattei ns ai e rarely pi esent The fact that gas and 
feces distal to the site of obstruction may pass spontaneously, oi with the aid 
of an enema, frequently is a factor m the delay in making an early diagnosis 
Very rarely is a mass palpable, and in 31 cases in wdiicb 1 oentgenologic studies 
were carried out, in only five, or 16 i per cent, was a mass demonstrable 
Tenderness with rigidity of the abdominal muscles is of little aid, for it is 
infrequent unless peifoiatioii occurs The leukocyte count and the temperature 
are generally normal or only moderately elevated If the obstruction is high 
and complete, shock and collapse rapidly occui, the outcome becoming fatal 
unless the condition is promptly 1 ecognized and relieved 

Roentgenologic Diagnosis — In a recent and significant contribution by 
Rigler, Bow^man and Noble,^® the opinion is expressed that by properly con- 
ducted roentgenologic examinations “the almost total failure of specific diag- 
nosis in gallstone obstruction wotli the corresponding high mortality can be 
corrected to a reasonable high percentage of accuiate diagnoses, wuth an 
inevitable improvement in the recoveiy rate” They leport the largest series 
yet piesented of cases correctly diagnosed, preoperatively, by roentgenologic 
studies The roentgenographic evidence (Fig i) on which the} depend is 
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(i) All 01 contiast medium m the biliai}’' system, (2) direct yisualization of 
the stone, and (3) the 1 oentgenologic evidence of intestinal obstiiiction 

In lecapitulation, the s}mptoms of intestinal obstiuction fiom gallstones 
aie those of mechanital ileus Theie ma}^ 01 may not be a past histoiy of 
gallbladdei disease The eaily symptoms of obstiuction may simulate biliary 
colic, but if theie has been a pievious histoiy of cholelithiasis the patient will 
usually desciibe the piesent episode of pain as being of much diffeient chai- 
acter At fiist the obstiuction is but paitial, but may be absolute, and there is 
usualh chaiacteiistic and fiequent 1 emissions of symptoms Abdominal dis- 
tention, tendei ness and 1 igidit}^ ai c fi equently absent 

In the diflfeiential diagnosis one must considei such conditions as (i) 
Intestinal obstiuction due to adhesions, to heinia, to intussusception, 01 to 
volvulus, (2) peifoiated peptic ulcei , (3) mesenteiic thiombosis, (4) acute 
panel eatitis , (5) acute appendicitis, (6) biliaiy colic, (7) lenal colic, and 
(8) abdominal metastatic mfaiction A good maxim to follow is that stated 
b}'- Gilman^ “In absence of an incaiceiated oi stiangulated henna in eldeily 
pel sons. 111 nhom pievious abdominal suigeiy has not been peifoimed, one 
must considei gallstones as well as malignancy as the cause of obsti uction ” 
Ohst) nction f)oin Multiple Stones — Multiple gallstones aie not mfie- 
quently encounteied 111 acute bowel obstiuction but as a lule only one causes 
the obstructive s}mptoms (Plate I) When the obsti ucting stone is removed 
and is found to be faceted it indicates that theie is, 01 has been, anothei gall- 
stone nhich may still be in the gallbladdei 01 is now in the intestine A 
caieful and systematic seaich should always be made when a faceted stone is 
discoveied, and if otheis aie found they should also be lemoved One of our 
onn cases, and seveial found in the liteiatuie, illustiate the impoitance of not 
overlooking a possible second stone at the time of the opeiation (Table V) 


Table V 


MULTIPLE STONES DISCOVERED AT OPERATION 
Collected Series 


Site of Obstructing Stone 

1 Terminal ileum 

2 Terminal ileum 

3 Terminal ileum 

4 Terminal ileum 

5 Terminal ileum 

6 Duodenum 

7 Middle of ileum 

8 Jejunum 

0 Middle of ileum 
10 Terminal ileum 


Site of Second Stone 
Transverse colon 
Transverse colon 
Sigmoid 
Ileocecal valve 

Just proximal to obstructing stone 
Twelve inches below obstructing 
stone 

In mass of adhesions beneath liver 
Cecum 

Just proximal to obstructing stone 
Stone in process of perforating 
from gallbladder into duodenum 


As in our case, postoperative abdominal pain and distention, of a susbequent 
obstruction, may be misintei preted and delay in making the diagnosis result 
in the patient’s death Theiefoie, if an obsti ucting stone is faceted the sur- 
geon should make a thoiough investigation of the entire ileum especially that 
segment proximal to the site of the main obsti ucting stone (Plate I) 
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Opeiatwn — The opeiation, as a lule, presents but little difficulty Either 
a lower midline or a paramedian incision will give good exposure Spinal is 
preferred to inhalation anesthesia, which is considered more dangerous since 
the patients are eldeily and often aie regurgitating intestinal contents The 
obstructing stone is discoveied by a systematic palpation of the entire small 
intestine The point of obstruction is located either by following down the 
distended proximal bowel or by following up the lower collapsed portion of 
the intestine to the site of the obstructing stone The loop of intestine con- 
taining the calculus is withdrawn from the abdomen and packs carefully placed 
around it so as to isolate it from the abdominal cavity After applying an in- 
testinal clamp on either side of the stone a longitudinal incision is made along 
the antimesentenc portion of the intestinal wall over the stone, which is then 
delivered Although, in theory, it would be better to remove the stone through 
an opening made in an adjacent normal intestinal wall, it is the consensus of 
opinion that it is unwise to attempt to manipulate the stone from the site of 
its impaction Most writeis favor closing the incision transversely by a double 
Lambert suture reinforced with interrupted silk rather than longitudinally, 
since this technic is thought to offer less chance of a subsequent narrowing 
of the lumen 

Since sulfanilamide crystals have proven efficacious in abdominal surgery, 
especially where there is actual oi potential soiling of the peritoneum, it would 
be wise to use it locally over the ileotomy site and m the subcutaneous tissues 
We have recently used this chemotherapy procedure m various types of in- 
testinal surgery and have been gratified with the results 

Moitahty — As patients suffeiing from an obstructing gallstone are 
usually elderly, and there is, customarily, a prolonged delay in admitting them 
to the hospital, it is not surprising that the operative mortality is high In 
our group of ten patients the mortality was 50 per cent The average duration 
of symptoms in the total moitahty-gioup, prior to operation, was 62 days 
Balch’^ has shown that but one of eight patients operated upon after the third 
day of obstruction survives, and reports that, of nine patients operated upon 
during the fii st three days, four will die 

The average duration of complete obstruction before the patients were ad- 
mitted to the hospital, in our group of our five patients who succumbed, was 
5 2 days Delay in sending the patients to the hospital was the chief reason 
for the loss of these patients Delay is the major factor in producing the high 
mortality level, and it is only by earlier recognition of the significance of the 
usually bizaire symptoms of this rare emergency, with earlier diagnosis and 
more prompt surgical intervention, that we can hope to lower it 

INTESTINAL OBSTKUCTION FKOM GALLSTONES 

Authors' Series of Ten Cases 

Case 1 — Hosp No 5809 M B , female, age 47 C C “Gallstones ” 

History of dull pain in upper abdomen associated with nausea and vomiting at 
various times during past several years Two days before admission, onset of dull pain 
in epigastrium which increased in intensity , nausea and vomiting with distention Physical 
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examination revealed epigastric tenderness and iigidity T 95 > P 6o, R i8 Blood 
count Hemoglobin, 92 per cent, RBC 7)2/0,000, WBC 21,600 Picopoatwc Diag- 
nosis Intestinal obstruction of undetermined origin A gallstone 5 cm in diameter was 
found obstructing the lower third of the ileum 

Opeiatioii — Ileotomy with removal of stone Gallbladder palpated and found to 
be small and fibrous, with many surrounding adhesions Patient failed to respond and 
died SIX hours afterwards Postmortem examination revealed a fistulous opening be- 
tween the gallbladder and duodenum The small intestine was distended but theie was 
no evidence of peritonitis The ileotomy suture line was intact 

Case 2 — Hosp No 11853 J S H , female, age 59 CC “Vomiting” 

Had experienced “gas in stomach” for 18 years At irregular intervals had ex- 
perienced attacks of acute epigastiic pain associated with nausea and vomiting Three 
days before admission had acute abdominal pain with vomiting Enemata ineffectual 
Physical examination T 99, P 96, R 24 No jaundice Abdomen essentially nega- 
tive Pi eopeiaiive Diagnosis Intestinal obstruction, cause not determined 

Opciation — A large impacted gallstone was found obstructing the lower ileum 
Ileotomy with removal of stone Gallbladder palpated and found to be atrophied and 
fibrous Uneventful convalescence with discharge on the fifteenth postoperative day 
Readmitted ii years later Chief complaint “Soieness across the abdomen” Had 
been perfectly well following previous operation until two months ago, when patient 
began to have irregular episodes of epigastric soreness, which gradually disappeared 
Was also troubled with “indigestion” and eructations of gas No nausea, vomiting 
or jaundice Physical examination revealed a well-developed and well-nourished woman 
of 60, not actually ill No jaundice There was generalized moderate tenderness over 
the epigastrium without rigidity No abdominal masses palpable Pt copei aiive Diag- 
nosis Chronic cholecystitis 

Opel ation — Small, fibrous, atrophic gallbladder containing no bile but having in 
Its fundus one small stone about 0 5 cm 111 diameter Stone had nearly perforated 
the gallbladder into the duodenum, to which the gallbladder was firmly attached Gall- 
bladder isolated from duodenum and common duct, which was not enlarged, and re- 
moved Discharged on the fourteenth postoperative day 

Case 3 — Hosp No 39660 J B , female, age 66 C C “Pam in the abdomen ” 
History of gallbladder colics for 15 years, none for past six months No jaundice 
Unregulated diabetes mellitus for ten years Present trouble began three days before 
with onset of right lower abdominal pain Nausea and vomiting, associated with con- 
stipation, not relieved by cathartics and enemata Physical examination T 100 , P 100 , 
R 20 Abdomen moderately distended No pain or tenderness No masses palpable 
Blood count Hemoglobin 74 per cent, RBC 5)430,ooo, WBC 10,150, with an essen- 
tially normal differential count Urine 2+ sugar, with no acetone or diacetic acid 
An abdominal plain film revealed almost complete obstruction in the lower ileum Pi e- 
opeiativc Diagnosis Intestinal obstruction, cause undetermined 

Opciatwii—L 3 .vge gallstone, 5 cm long, faceted at one end, found wedged in 
middle portion of ileum Removed Ileum closed with chromic catgut, leinforced with 
interrupted silk Gallbladder also contained one large stone In spite of supportive 
measures and regulation of the diabetes the patient became irrational the following day 
and expired (No autopsy) 

Case 4— Hosp No 43879 M C, female, age 67 CC “Constipation” 

Prior to present illness patient had enjoyed good health One week before admis- 
sion experienced an attack of severe epigastric pain associated with nausea and vomiting 
No bowel movement since onset of illness Enemata were ineffectual Rapidly increas- 
ing weakness with abdominal distention Physical examination T 97 , P 100 R 28 
Patient acutely ill, no jaundice Abdomen markedly distended No masses palpable No 
tenderness or muscular rigidity Peristalsis audible and moderately active Roentgeno- 
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gram of abdomen showed the large intestine to be widely distended with gas which 
stopped abruptly m the lower sigmoid Pieopaativc Diagnosis Intestinal obstruction 

Opciation — Spinal anesthesia There was no evidence of organic lesion of the large 
bowel, but there was a large calculus, 4 5x2 5 cm , obstructing the ileum in its mid- 
portion Ileotomy performed and stone removed Postoperatively, there was a rapid 
rise in temperature, and the patient expired on the third postoperative day (No 
autopsy) 

Case 5 — Hosp No 44049 H T C, male, age 63 CC “Vomiting and con- 
stipation ” 

Past history revealed that five years previously patient had had an attack of severe 
abdominal pain associated with vomiting and diarrhea Since then has had “indigestion,” 
but no severe pain until present illness Three davs before admission, while eating 
dinner, developed severe abdominal pain which was relieved partially by vomiting 
The pain and vomiting continued, finally requiring a hypodermic Physical examination 
T 98, P 100, R 28 Patient obese and acutely ill No abdominal tenderness, but 
abdomen tympanitic and markedly distended No masses palpable Rectal examination 
revealed external hemorrhoids and a moderately enlarged prostate Blood count Hemo- 
globin 90 per cent, RBC 5,590,000, WBC 12,850, with a differential count of 90 
neutrophils and ten small lymphocytes Picopciativc Diagnosis Intestinal obstruction 
from gallstones? 

Opeiation — Distended loops of small intestine were found proximal to a calculus, 
6x3 cm , which was obstructing the lower ileum Ileotomy with the removal of the 
stone There was slight spilling of intestinal contents In spite of general supportive 
treatment, which included two transfusions, patient gradually became weaker and ex- 
pired on the fourth postoperative daj' The blood N P N , the day before death, was 
120 mg (No autopsy) 

Case 6 — Hosp No 51299 H T C, male, age 63 CC “Stone in rectum” 

Eight days previously patient noticed something hai d and obstructing in the 
rectum Family physician had tried unsuccessfully to remove it manually Cathartics 
produced fiee movements but mass remained Past history revealed that for eight 
years patient had had attacks of acute epigastric pain, often requiring morphia Phy'sical 
examination The abdomen was negative except for some tenderness in the left lower 
quadrant Satisfactory rectal examination was prohibitive on account of tenderness 
from previous manipulation Roentgenogram showed no evidence of a mass m the 
rectum Cholecystogram revealed a nonfunctioning gallbladder The day after admis- 
sion, while straining at stool, a hard mass was seen and felt at the anal orifice Upon 
manipulation, a cholestenn stone, 6 cm m diameter, was removed Patient promptly 
recovered 

Case 7 — Hosp No 74309B C G , female, age 71 C C “Vomiting and con- 
stipation ” 

Upon admission, nine months previously, a diagnosis of acute cholecystitis and 
cholelithiasis had been made First attack of epigastric pain occurred three months 
prior to that time For a year, patient had been somewhat constipated, requiring a 
frequent laxative Two days before final admission experienced severe pain across 
the upper abdomen associated with nausea and vomiting There had been no bowel 
movement for five days Nausea and v'omiting continued Repeated enemata were 
unsuccessful Vomitus fecal Physical examination On admission, patient did not 
appear acutely ill T 96, P 104, R 20 Obese Abdomen not distended, soft, with 
tenderness in lower quadrant upon deep palpation A mass was palpable in tbe left 
lower quadrant just above the iliac crest, during the initial examination, but never 
afterwards Hemoglobin 97 per cent, RBC 5,160,000, Color Index ogf , WB C 13,400, 
with a normal differential Abdominal plain film showed evidence of partial intestinal 
obstruction Pt copci ativc Diagnosis Intestinal obstruction from gallstones? 

Opciation — Spinal anesthesia Upon opening the abdomen, distended coils of the 
ileum were encountered, which were found to lead to a point of obstruction in the 
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upper third of the ileum, below which the intestine was collapsed A calculus, 3 5^3 
cm , was found to be the cause of the obstruction, which was removed by enterotomy, 
with closure of the bowel with running chromic catgut, reinforced with interrupted 
silk sutures Upon palpating the gallbladder, a hard nodular mass was found in- 
extncablj associated with the first portion of the duodenum There was also exten- 
sive diverticulitis of the sigmoid Patient developed postoperative bronchopneumonia, 
which prolonged an otherwise uneventful convalescence 

Case 8 — Hosp No 81471 A L, female, age 71 CC “Pam in the left side” 

Had been told she had gallbladder disease and had had periodic “biliary drainage ' 
for several years Past history' of several gallbladder attacks For two weeks before 
admission patient had been below par Three days previously she had experienced 
nausea and vomiting but no pain until day of admission, when pain became acute and 
located in left lower abdomen Day before admission there had been two bowel move- 
ments Physical examination revealed an elderly woman who appeared acutely ill 
and in great distress T 98, P 92 , R 28 Urine 3+ sugar, i-f diacetic acid and 3+ 
acetone There was moderate abdominal distention with marked tenderness in left 
lower abdomen Hemoglobin 84 per cent, RBC 4,760,000, WBC 14800 Abdominal 
plain film showed no definite evidence of intestinal obstruction Continued to have 
intermittent, abdominal, colicky pains but no definite evidences of obstruction were 
present Pjovisioual Diagnosis Paitial intestinal obstruction from neoplasm or ad- 
hesions 

Operation — On the fifth day an exploratory celiotomy was carried out under spinal 
anesthesia Intestines not distended Sigmoid explored but nothing found While the 
hand was being passed across the upper abdomen a large stone was palpated in the 
upper ileum Ileotomy, a faceted stone, 3 5x2 cm , being removed No other stones 
were palpable Postoperative course was uneventful 

Case 9 — ^Hosp No 82666 I R , female, age 70 C C “Vomiting, pain, and con- 
stipation " 

In good health until onset of anorexia and weight loss seven months previously 
Increasing constipation for past four to five months, requiring daily cathartics No 
blood or mucus in stools Four days before admission onset of severe pain across 
midabdomen, with nausea and vomiting Cathartics and enemata ineffectual Physical 
examination showed an elderly woman, dehydrated and acutely ill T 96, P 100, R 16, 
Hemoglobin 104 per cent, RBC, 5,590,000, WBC 14,500 Abdomen tympanitic, with 
generalized tenderness and slight rigidity No masses palpable Abdominal roentgeno- 
gram on day of admission showed no evidence of intestinal obstruction Intravenous 
fluids and supportive treatment instituted Pieopciativc Diagnosis Intestinal obstruc- 
tion of unknown etiology 

Opeiahon — ^Exploratory celiotomy was performed, under spinal anesthesia Upon 
opening the abdomen the upper ileum was found to be distended, the remainder of the 
bowel being collapsed By following down the distended portion a laige, faceted gall 
stone, 3 7^3"f2 5 cm, was found completely blocking the ileum and tightly wedged 
within It The stone was readily removed by making a small longitudinal incision in 
the ileum, which was closed with two running sutuies of chromic catgut reinforced 
with interrupted sutures of silk Wound closed m usual manner with steel wire rein- 
forcements in the fascia Two transfusions of 500 cc of citrated blood administered 
postoperatively On the fifth postoperative day patient developed abdominal pain and 
distress Moderate distention relieved partially by nasal decompression The tempera- 
ture became septic, the patient rapidly becoming worse, and expiring on the eighth 
postoperative day 

Postmortem examination revealed (i) generalized peritonitis, (2) a well-healed 
fistula between gallbladder and the first portion of the duodenum, (3) ruptured ileotomy 
sutures, with a second impacted gallstone proximally, (4) pneumonia, right lower lobe 
and (5) chronic nephritis ' 


731 



FOSS AND SUMMERS 


Annals of Surgen 
a y 19 4 2 


Case 10 — Hosp No 88821 M At , male, age 60 C C “Vomiting of five weeks’ 
duration ” 

For tlie pievioiis a car patient liad experienced distiess after meals Five weeks 
before admission he began to vomit several hours after eating, which was associated 
with much belching of gas The A'omiting became more severe, until the patient vv'as 
unable to retain even fluids There had been a weight loss of 20 pounds At no time 
had there been melena, jaundice or clay-colored stools, or any suggestion of pain in 
the epigastrium It was obvious that the patient was suffering from high intestinal ob- 
struction The roentgenologic report revealed “There is a high-grade obstruction near 
the pjlorus Peristalsis does not proceed all the way to the pvlorus but stops a few 
centimeters proximal theieto There is a large retention at six hours Roentgenologic 
Diagnosis Pyloric obstruction, probably due to carcinoma” Piovisional Pieopeiatme 
Diagnosis Pyloric obstruction from carcinoma or possibly from cicatrizing ulcer 

Operation — Spinal anesthesia “No evidence of carcinoma Duodenum densely 
adherent to a small atrophic gallbladder, containing no bile, but four round, faceted 
stones, each about 2 cm in diameter, which were attempting to perforate into the 
first portion of the duodenum The duodenum was separated from the gallbladder with 
great difficulty because of dense adhesions About two-thirds of the gallbladder was 
resected, the gallstones being previously removed” Conv'alescence followed normallj, 
and the patient was discharged on the fifteenth postoperative day 

SUMMARY 

The literatuie of gallstone ileus during the past two decades has been 
reviewed, and 140 lepoited and illustiative cases aie analyzed together with 
ten cases peisonally tieated by the authois While an exhaustive study of 
the liteiatuie coveting the past 20 yeais w'as made, it is not contended that 
140 lepresents the total numbei of cases lepoited, but, undoubtedly, it includes 
the majority of them 

The 1 elative incidence of intestinal obsti uction fi om gallstones vai les from 
I to 5 pel cent In the senes of 150 studied, theie were 130 females and 20 
males, a ratio of 6 5 to one, which closely con esponds to the relative incidence 
of cholelithiasis in the two sexes The majoiity of patients were m the sixth 
and seventh decades of life 

A gallstone laige enough to cause intestinal obsti uction veiy rarely passes 
via the common duct, the most common route being via a fistula between the 
fundus of the gallbladder and some poition of the duodenum The sequence 
of events begins with cholelithiasis, followed by ulceration and erosion of the 
gallbladder wall, pericholecystitis, and fistulous tract foimation 

In the collected senes of 150 patients 23, or 153 per cent, piesented no 
history suggestive of gallbladdei disease, and 48 patients, 01 32 per cent, gave 
a history of epigastric pain which could be inteipieted as being associated 
with the process of perforation Aftei the stone enteis the small intestine it 
may pass spontaneously, but more often it produces characteristically inter- 
mittent obsti uctive symptoms The most fiequent site for the stone to become 
lodged IS m the terminal poition of the ileum 

Features of the symptom-complex are emphasized in the hope that the 
entity may be more easily recognized, for it is onty bji^ eaily surgical interven- 
tion that the high mortality rate can be low^ered The finding at operation of a 
faceted stone is emphasized as being indicative of possible multiple stones, the 
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piesence of which should always be luled out An abstiact of the authois’ 
ten peisonally tieated cases is piesented 
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Discussion — Dr E Vernon Mastin (St Louis, Mo ) I have opeiated 
upon five of these cases , in four of them the stone was in the ileum and in 
one it was in the rectosigmoid I feel that the high mortality rate can be 
reduced considerably by simply delivering the dilated obstructed loop of 
ileum that contains the gallstone, outside of the abdomen as a loop-ileostomy, 
close the abdomen aiound the ileum, piotect the wound adequately with 
vaselined gauze and, some hours latei, incise the intestine and remove the 
stone In this way, we will obviate the iisk of peiitonitis fiom leakage of 
the suture line, which is so pi one to occur when a primal y suture is employed, 
if the ileum is maikedly distended Theie have been no deaths in the three 
cases in which this pioceduie was followed, while one, in which I removed 
the stone and sutuied the ileum, died of peritonitis due to leakage 

I have a case to lepoit in wdnch the obstiuction was due to a gallstone 
(Figs I and 2 ) that was lodged 111 an old diverticulum of the lectosigmoid 
This woman had had seveie gallstone colic for years but had lefused suigery 
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She enteied the hospital, in 1931, as an emergency, ^vlth geneialized periton- 
itis, the result of a ruptured diverticulum of the rectosigmoid, from which 
she recovered completely In 1932 I repaiied a large postoperative ventral 
hernia and at that time exploration of her gallbladder revealed a large stone 
about 4 cm in diameter She was admitted again m 1939, with a history 
of a very severe attack of gallstone colic which began one week previously 
She was recovering from this attack when she developed symptoms of in- 
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Tig I Tig 2 

Tigs i and 2 — Photographs of the gallstone that was reniored from the 
rectum, at the time of operation 



Pig 3 —Diagrammatic representation of the ana 
tomic relation of the rectosigmoidal duerticulum, con 
taming the indrvellmg gallstone 


testinal obstruction, and exploration revealed a large gallstone impacted in 
a strictured area of the rectosigmoid (Fig 3) By considerable dissection 
and manipulation it was possible to free the rectosigmoid and pass the stone 
through the somewhat strictured portion of the bowel into the rectum, whence 
it was easily removed by an assistant, with his finger passed through the 
anus Exploration of the gallbladder region at this time showed only a mass 
of dense adhesions between the hepatic flexure of the colon and the under 
surface of the liver 
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Two weeks latei a gasti o-intestinal senes and banum enema failed to 
show any fistulous communication between the intestine and the gallbladdei, 
and the gallbladdei was not visualized by cbolecyslogiapby (Fig 4) Appai- 
ently the cholecystocohc fistula had healed pi 101 to the time the banum enema 
was given When last seen a few weeks ago, she stated she bad not bad any 
moie attacks of gallstone colic 

Dr George G Finney (Balti- 
moie, Md ) I was mteiested 111 Doc- 
toi Foss’ case because m the last few 
yeais, on the waid seivice of the 
Womens Hospital, in Baltimoie, we 
have had tin ee cases of obsti uction due 
to gallstones One of these was of pai - 
ticulai mteiest, because tins woman 
came into the hospital with symptoms 
of an acute attack five days befoi e Be- 
cause of having had two othei cases 
pieviously, a plain film was taken of the 
abdomen, and theie was a suspicious 
shadow in the ileum Both the com- 
mon duct and the hepatic duct weie 
definitely outlined with an, and, there- 
foie, diagnosis was made of the intesti- 
nal obstruction due to gallstone 

She was operated upon and the gall- 
stone was removed It was located 
about two feet below Treitz’s ligament 
She did well for two days and then 
began to vomit and showed fuithei 
signs of obstruction Roentgenograms 
weie again taken, and, suie enough, 
there was evidence of a second gall- 
stone at a lower level in the ileum She 
was opeiated upon again, and the second stone was removed That patient 
lived 

Of the three cases we have had, one has died This is a lelatively high 
mortality, as indicated by Doctor Foss also 

Dr Harold L Foss (Danville, Pa , closing) I can add but little to what 
has been said, but I was greatly interested in Doctor Mastm’s patient who 
had an obstructing gallstone in a diverticulum Suiely that is a raie condi- 
tion Doctor Mastm’s suggestion of exteriorization of the loop of ileum 
containing the obstructing stone may be an answer to the question of how 
we may decrease the distressingly high mortality of this emeigency The 
fact that Doctor Mastm’s three patients, upon whom he operated by the 
exterioiization technic, lived, while one upon whom he earned out the usual 
proceduie died, is, of course, a testimony m favor of his suggestion The 
stone must be removed, whatever the technic is to be, and tbe bowel must 
be firmly closed so there cannot be the slightest possibility of leakage A non- 
absorbable suture in the outei coats is most essential, I believe, in this step 
and heie we have found cotton a paiticularly satisfactoiy sutuie mateiial 



Fig 4 — Roentgenognm following i barium 
enema, 14 da>s after the gallstone had been re 
moved through the rectum, showing the irregu 
laritj of the diverticulum of the sigmoid flexure, 
m which the gallstone was lodged, and also the 
hepatic flexure of the colon closely adherent to 
the undersurface of the liver 
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THE SURGICAL ASPECT OF CONGENITAL ABSENCE OF THE 

GALLBLADDER <= 

REPOKT OF TWO CASES 

George G Finney, MD , and John K Owen, MD 

Baltimore, Md 

Rare conditions do not always attiact the general inteiest of the medical 
piofession as do the inoie common ones There aie some conditions which 
are thought of as laiities only because few cases have been leported And 
yet we know that although many surgeons come upon veiy remarkable and 
rare cases, the information concerning these cases nevei gets beyond their 
office files When an anomaly, hitherto considered extiemely rare, is en- 
counteied almost simultaneously by two surgeons woiking separately m the 
same city, one begins to doubt if that anomaly is so raie after all The pur- 
pose of this paper is to bring to the attention of suigeons two cases of con- 
genital absence of the gallbladdei in adults, and to consider ceitain practical 
surgical aspects of the anomaly 

There have been many theories of the causation of congenital absence of 
the gallbladder Mauio,^ m a recent papei, offers what we feel to be a 
reasonable explanation As eaily as the second week of fetal life the hepatic 
diverticulum develops a ventrocaudal extension, the cavity of which is soon 
obliterated by proliferation of the epithelium The extension from which 
the gallbladder develops is located in the mesenchymatous tissue and remains 
connected with the hepatic diverticulum by a pedicle from which the c)'Stic 
duct later develops The hepatic duct originates from the cranial portion of 
the hepatic diverticulum and the common bile duct from the caudal portion 
During the third fetal week, the liver becomes more sepaiated from the 
intestine and the bile ducts are thus lengthened and at the same time oc- 
cluded The common bile duct reopens during the fourth week and the 
hepatic duct during the fifth week Sometime during the sixth week of 
fetal life, the cavity of the gallbladder reappears It is almost impossible to 
determine at the operating table whether absence of a certain portion of 
the biliary system is due to agenesia or to atiesia This fact is especially 
true of the gallbladder, which repiesents the teiminal extension and, there- 
foie, may never have existed, or may have undeigone secondary involution, 
on the other hand, if the terminal portion is present, the absence of an 
intermediate portion can be due only to atresia 

It has been geneially accepted that congenital anomalies are apt to be 
multiple There are numerous reports of congenital absence of the gall- 
bladder in infants associated with atresia of the bile ducts, according to 
Bruchsaler- and Ladd this papei is not concerned with such cases Since 

Read before the Southern Surgical Association, Pinehurst, N C, December p-ii, 
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theie IS a possibility that one of oui cases (A O L ) lepiesents an/ 
hepatic situation of the gallbladclei , we must not neglect that condition 
quoted by Waltei,’^ lepoited thiee such cases, in all of which he lesoj 
exploiatoiy incision of the livei and found the gallbladder, which containc*^ 
calculi In one of his cases, there was piofuse hemoiihage which lequired 
packing, the patient died on the twelfth postopei ative day of diffuse cholangitis 
and peiitonitis At opeiation, howevei, one cannot discovei the piesence 
of an intrahepatic gallbladdei by any less foimidable pioceduie, since aspiia- 
tion IS done blindly and the bile obtained might well come from one of the 
bile ducts Mauio^ wains against all attempts to perform cholecystectomy 
111 such cases because of the dangei of unconti ollable hemoirhage It is 
inteiesting to note that the gieat majoiity of intrahepatic gallbladders re- 
poited have contained one oi moie calculi 

Gross'* lecoids fiom the liteiatuie 38 cases of congenital absence of the 
gallbladdei, m which theie was no other anomaly of the liver 01 biliary 
system He does not include two cases obseived by Whipple,'* quoted by 
Saima,’^ 01 the lepoit by Danzis® of one case Since the appeal ance of Gioss’s 
paper, five othei cases have been lepoited (Mauio,^ Sarma,” Melville,® Rob- 
ertson^®), bunging the total to 46 

Case reports of the anomaly have been notably lacking in the essential 
data A leview of the ii complete cases reported, including 0111 own, 
shows that calculi weie found 111 the common bile duct in all, and that the 
duct was dilated in ten and within the limits of normal in only one These 
facts agree with the finding of a propoi tionately large common bile duct 
in animals possessing no gallbladder, and also with the common obseiva- 
tion that the biliary ducts undeigo dilatation following cholecystectomy The 
gallbladdei fossa may be absent and the quadiate lobe indistinct in outline 
Coi responding with the gieatei incidence of cholelithiasis m females, we find 
that congenital absence of the gallbladdei is twice as common in women 
as in men Symptoms usually take the foim of a gaseous type of indiges- 
tion, with intolerance of fatty foods, and sometimes episodes of sharp 
lancinating pain in the light uppei quadiant lefeired through the chest 
to the inferior angle of the light scapula, and occasional jaundice Thus fai, 
to the best of oui knowledge, the diagnosis has nevei been made pre- 
operatively 

The fiist case to be piesented is that of the senioi authoi (G G F ) 

Case A O L — A male, age 68, referred by Dr Louis P Hamburger, was admitted 
to the Union Memorial Hospital, March 26, 1941, with the complaint of recurrent 
attacks of upper right quadrant pain, together with fever, nausea, vomiting, and jaundice 
of a little moie than a year’s duration 

Past Histoiy— This contains a number of interesting and important facts At age 
17 the patient had a rather severe case of typhoid fever, and at age 32 he had an 
attack of what was called pleurisy At age 50 the patient had a siege of dysentery 
with blood and mucus m the stools For the 23-year period from 1910 through 1933’ 
he had suffered with frequent prolonged attacks of hyperacidity, regurgitation, and 
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sharp epigastric pain, coming on three to four hours after meals The pain would 
frequently awaken him at night During this period he was put on a restricted diet 
on numerous occasions, and was hospitalized for treatment three separate times The 
last occasion was m December, 1933, at which time he spent some three weeks in the 
Union Memorial Hospital under strict dietary care, with the diagnosis of duodenal 
ulcer From this time, the patient had been completely relieved of all symptoms 
referable to his gastro-intestinal tract until the beginning of his present illness 

Piesent Illness — In January, 1940, the patient first had an attack of severe right 
upper quadrant pain which radiated through to the back This was associated with 
nausea and vomiting and a moderate degiee of fever The pain was so severe that a 
hvpodermic was required before relief could be obtained The following day clay- 



riG I — Appearance at operation (Case No i) 


colored stool was noted and also jaundice Since this first attack, the patient had had 
four or five similar episodes, the last one a few days before admission to the hospital 
Physical Examination — The patient was in no apparent distress, but evidenced a 
moderate icteric tinge to the skin and sclerae The temperature, pulse, and respirations 
were within normal limits Examination of the heart and lungs was normal, and the 
blood pressure was 144/86 On palpating the abdomen, which was rather large, no 
mass could be felt and no abnormal resistance or spasm The liver edge could be felt 
just below the right costal margin and there was no irregularity or abnormal firmness 
Deep pressure in the whole right hypochondrium caused moderate discomfort In 
other respects, the examination was normal 

Gallbladder visualization studies were carried out the second day after admission, 
and the radiologist reported that the gallbladder was not visualized, indicating gall- 
bladder disease probably with c>stic duct obstruction Other laboratory tests showed 
a relatively normal blood picture — RBC, 4,360,000, WBC, 8,950, Hb 98 per cent, 
poh morphonuclears, 83 per cent, sedimentation rate 25, and the coagulation time nine 
and one-half minutes The prothrombin time was 18 seconds with the control 17 
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seconds The nonprotein nitrogen was 27, blood sugar 99, and the blood cholesterol 
218 mg per cent The icteric index was 300, and the blood Wassermann was nega- 
tive The urine examination was normal except for the presence of some bile and 
a few white blood cells in the centrifuged specimen Picopctahvc Diagnosis Cholecystitis 
with cholelithiasis and possible common duct stone 

Opeiation — March 31, 1940 The abdomen was opened through an upper right 
rectus incision On entering the peritoneal cavity, the omentum was found lying over 
the region where the gallbladder should be located On exposing the under surface 
of the liver, the groove for the gallbladder was seen, but when the entire upper right 
quadrant was examined carefully, no gallbladder could be found The stomach was 
normal, but the duodenum showed the scai of an old ulcer on the anterior superior 
portion There was apparently no obstruction to the pjdoius The common duct was 
then visualized Its identity was ascertained by aspiiation from it of a small amount 
of bile The common duct itself was not unusually distended, being at the upper limits 
of normal m size When the duct was opened, it was possible to pass a uterine sound 
up in the hepatic ducts both to the right and to the left When an attempt was made 
to pass the sound down toward the duodenum, an obsti uction was met 3 5 mg below 
the opening in the duct This obstruction was caused by one small stone and a larger 
one, ixi 5 cm in diameter, somewhat irregular and black in color This latter stone 
was lodged m the ampulla After its removal, a sound could be passed into the duode- 
num with ease The duct was thoioughly washed out with nomal salt solution and 
a No 16 F catheter was placed in the duct for drainage and the duct closed around 
this with sutures of No 000 chromic catgut The wound was closed in layers with 
catgut, except for continuous silk sutures in the skin (Fig i) 

Postopeiativc Coitise — Convalescence was very satisfactory until the fourth post- 
operative day when a hacking cough developed This became very bothersome, and in 
spite of medication theie were very severe paioxysms even though the chest examination 
remained negative On the eighth postoperative da}', after a hard cough, the patient 
suffered an almost complete disruption Under pentothal sodium anesthesia, the wound 
was again closed, through-and-through interrupted silver wire sutures being used 
Following this procedure the patient’s cough for some reason stopped, and the rest 
of his convalescence was uneventful except for minor difficulties in voiding at times 
He was discharged from the hospital May 12, 1940, with his wound healed, and ate a 
normal diet without any discomfort He was last seen a few weeks ago, and showed 
only a small weakness at the uppei end of his incision as a result of his disruption, but 
asymptomatic 

The second case is that of the junior authoi (J K O ) 

Case C A G— White, female, age 69, was admitted to the Hospital for the 
Women of Maryland, February 5, 1941, complaining of a dull ache in the right 
upper quadrant following exertion The pain was steady and was accompanied by 
dyspnea, usually, but not always, the pain was leheved by resting or by the administra- 
tion of spirits of niter The pain often extended to the substernal region and some- 
times radiated through the chest to the inferior angle of the right scapula Attacks 
lasted from a few minutes to several hours and were often associated with nausea 
and vomiting and sometimes chills but never jaundice She also noted ankle edema in 
the evening The pain had never radiated to the left shoulder or down the left arm 
At the time of an attack she complained of palpitation She avoided greasy foods be- 
cause of postprandial distress in the foim of gaseous eructations and heartburn All 
the foregoing symptoms had been recurring foi two jeais prior to admission She 
vas moderately constipated and thought she had passed acholic stools Theie has been 
no weight-loss There was no history of typhoid fever 

Physical Examination Blood pressure varied between 186/80 and 150/40 The 
patient was orthopneic and lequired three pillows There was pitting edema of both 
lower legs The lungs were clear to percussion and auscultation The heart was not 
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enlarged to percussion and sounds were clear, without murmurs An occasional ven- 
tricular ettrasystole was heard There was moderate tenderness over the entire right 
upper abdominal quadrant, but no spasm 

Special Studies — A gallbladder roentgenologic series was done twice, without visual- 
ization of the gallbladder Electrocardiograms showed evidence of myocardial disease 
Urine negative Hemoglobin was 82 per cent (Sahli) , fasting blood sugar 85 mg 
per cent Blood nonprotein nitrogen 30 mg per cent Blood Wassermann negative 
The van den Bergh test showed delayed reaction 

Pt eopei ative Com sc- — It was felt that the patient, unquestionably, had heart disease, 
and biliary disease as well The plan was to treat her biliary disease conservatively 
and to concentrate on her cardiac pathology, but, on February 9, 1941, she had an 
attack of severe pain in the right upper quadrant, there was marked tenderness and 



Fig 2 — Appearance at operation (Case No 2 ) 

moderate spasm ovei the region, and the temperature rose to 103 2° F by mouth She 
pleaded for some form of relief, and we all agieed that operative intervention was in- 
dicated, even though it involved considerable risk in the face of obvious heart disease 
Therefore, on February 10, 1941, a course of aminophylhne gr i 5 1 1 d and coramine 
gtt IS tid was begun She had still another attack on February 12, 1941 

Opciatwii — February 12, 1941 The abdomen was opened through a right subcostal 
approach, and the liver was found enlarged to three fingers breath below the costal 
arch, it had the classic appearance of chronic passive congestion Lving in a very 
shallow groove of the liver, where, ordinarily, the gallbladder fossa is located, was a 
mass of tissue surrounded by light adhesions and containing two calculi The adherent 
structure was dissected free and was found to be a considerably dilated common bile 
duct There was no evidence anywhere of a vestige of the gallbladder or cystic duct 
The common bile duct was incised and two calculi, measuring i 5 cm in diameter, 
were removed Thorough exploration of the dilated hepatic ducts and common bile 
duct was carried out with sounds and a catheter, and no other calculi were encountered 
The quadrate lobe was indefinite in outline The pancreas felt normal throughout 
The stomach, pjlorus, and duodenum all appeared normal The incision into the com- 
mon bile duct was closed about rubber tubing, interrupted sutures of medium silk being 
used One cigarette dram was placed through the foramen of Winslow into the 
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lessei peritoneal cavity and another to the site of the choledochostoniy The operation 
was piolonged by effoits at exploration, and the patient left the operating room in 

plstopetaUve Com —Hypodei moclysis in both thighs was begun the evening 
of the operation The next day the pulse became weak and rapid and the patien 
became slightly cyanotic She was given oxygen, which did not gieatly improve ler 
color Her temperature lose during the day and at noon was 1034° F by lectum le 
was given the usual stimulants and even artificial lespuation, but she died that after- 
noon, some 24 hours following opeiation 



Fig 3 — Appearance at autopsy after the stomach had been rolled downward Note un 
usual relative position of hepatic artery and portal vein 


Pm Hal Autopsy — Rigor mortis had not set in There was pitting edema of both 
lower legs The intestine was moderately distended There was no evidence of bile 
leakage The liver still showed chronic passive congestion The common bile duct 
measured 2 cm in its greatest diameter The liver was sectioned in every plane, and 
theie was no sign of an intrahepatic gallbladder The biliary duct system was carefully 
dissected and no evidence was found of a vestige of the cystic duct or gallbladder The 
coronary vessels were sclerotic but there was no infarction There was considerable 
calcification of the aortic arch Pancreas, stomach, pylorus, and duodenum were 
grossly normal Histologic study showed midzone necrosis of liver lobules with shadow- 
type of cell, together with many leukocytes The large veins were engorged and 
contained man} leukocjtes Pancreas and myocardium were normal Pathologic Diag- 
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710SCS Congenital absence of the gallbladder Cholangitis, acute, with cholelithiasis 
Arteriosclerotic heart disease, with h3'pertension 

There are a numbei of inteiesting suigical consideiations that aiise -when 
we study the two cases heiewith lepoited, and othei similai ones collected 
from the hteiatuie In the fiist place, when abdominal exploration is cairied 
out m a patient with suspected gallbladder disease and no gallbladder can 
be found, there is the possibility of an intrahepatic gallbladder, as well as 
calculi m the biliary ducts Exploration of the ducts should then be cairied 
out, and if no calculi aie found, in spite of a definite histoiy of biliary dis- 
ease, one is justified m making a leasonable attempt to find whether there 
IS an intrahepatic gallbladdei In one of oui cases, we aie sure there was 
no intrahepatic gallbladdei since the patient did not survive because of her 
heait condition and complete section of the hvei was possible In the other 
case, howevei, because of the fact that, on thoiough exploration, there was 
no evidence of an intiahepatic gallbladdei, as fai as could be detei mined, and 
also because the patient has been completely relieved of his symptoms follow- 
ing the removal of the stones from the common duct, it seems quite pre- 
sumptive that there was congenital absence of tbe gallbladder Unfortunately, 
m many case repoits of congenital absence of the gallbladdei, the data are 
not given m enough detail to peimit definite conclusions to be diawn It is 
true, howevei, that m piactically all the cases where the common duct was 
much larger than noimal, stones weie piesent 

SUMMARY 

We have presented two cases of congenital absence of the gallbladder 
together with 46 similar cases collected fiom the literature aftei a rather 
exhaustive seaich We have included onl)^ those cases in which no other 
pathologic condition was present, and have, theiefore, left out a large number 
of cases where there was either complete 01 partial absence of the common 
and hepatic ducts as well Some consideiation has been given to the cause 
of absence of the gallbladder fiom the embryologic standpoint, and a few of 
the surgical aspects are discussed 
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Fig I — Roentgenogram showing a duplicate of the gallbladder — 
one containing calculi, the other apparently containing dye onlj 


Discussion — Dr Hugh Trout (Roan- 
oke, Va ) In 1933, we-*" lepoited a case of 
duplication of the gallbladder At that time 
we looked up the hteiatuie and found theie 
had been 34 cases repoi ted to date A subse- 
quent review shows that since then 18 addi- 
tional cases have been lepoited So far as I 
know the literature does not leveal a case 
where the diagnosis was made roentgenologi- 
cally pnoi to opeiation We weie foitunate 
enough to have one such case (Figs i and 2) 

At opeiation, the two gallbladders were 
lemoved Each was complete. With cystic 
duct, the C3^stic ducts joined just befoie en- 
trance into the common duct Boydenf dem- 
onstiated that this was the most frequent type 

* Slaughter and Trout Amer Jour Surg, 19, 
124-125, January, 1933 

T Boyden Amer Jour Anat , 38, 177, November, 

1926 



Fig 2 — Graphic representation 
of rocntgenographic interpretation of 
duplication of the gallbladder (The 
artist has transposed the roentgeno 
graphic shadows ) 
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of C3'^stic duct lelationship in the duplication of the gallbladdei Boyden, also 
aftei a study of 19,000 autopsies done 111 several anatomic laboi atones, showed 
five cases of duplication of the gallbladdei , an incidence of one in 4,000 I think 
this condition perhaps is more fiequent than has been supposed A numbei 
of lower animals, especially cats, have been found to have duplication and 
accessory gallbladdei s In fact, as many as foui gallbladdei s have been 
found 111 one cat 
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ANATOMY OF THE ATTACHMENTS OF THE DIAPHRAGM THEIR 
RELATION TO THE PROBLEMS OF THE SURGERY OF 
DIAPHRAGMATIC HERNIA^ 

J D Rives, M D , and D D Baker, M D. 

New Orleans, La 

FnOM TllF DEI VRTMFNTS OF SURGERI AND AN\TOMl, LOUISIVNV STATE UN^^ ERSITl SCHOOL OF MEDICINE, 

KEM ORLEANS, LA 

Numerous studies of the etiology, diagnosis, and tieatment of dia- 
phiagmatic henna have appealed in lecent yeais,"^- 17,21,22 
seveial of them the hteiatuie has been fully leviewed Nothing would be 
gamed at this time by anothei leview of that type, consequently, the scope 
of this contiibution is limited to an account of some new obseivations on 
the anatomy of the attachments of the diaphiagm, comments on the siiigical 
significance of these obseivations, and the lepoit of two methods that we 
think useful m the lepaii of unusually laige defects m this septum, legaid- 
less of then etiology 

Anafoviy — The usual desciiption of the peiipheial attachments 01 oiigins 
of the diaplii agm^ may be summai ized as follows ( i ) The anterioi 

01 sternal poition is attached to the xiphoid piocess and the adjacent aponeui- 
osis of the tiansveisus abdominis 01 to a tendinous aicb extending from the 
xiphoid to the caitilages of the fifth and sixth iibs (Fig i a) (2) The lat- 
eial 01 costal poition aiises f 10111 the posteiioi sui faces of the cartilages of 
the seventh, eighth, and ninth iibs and fioni the osseous extiemities of the 
tenth, eleventh, and twelfth iibs The segment attaching to the seventh, 
eighth, and ninth iibs is said to mtei digitate with the tiansveisus abdominis, 
and the 11101 e posteiioi poition is descnbed as aiising 111 pait f 10111 tendinous 
aiclies that budge the 01 ignis of the tiansveisus abdominis 111 the last thiee 
iiitei spaces (Fig la) (3) The posteiioi 01 lunibai segment (Fig i b) 
aiises by means of thiee pans of ciuia fioiii the bodies and tiansveise piocesses 
of the uppei lunibai veitebiae and fioni the aiciiate ligaments Only the 
lateial cius conceins us 111 this discussion It is said to be attached to the 
bodies of the fii st and second lunibai vei tebi ae and to the medial and latei al 
lumbocostal aiclies (aicuate ligaments) ivliich aie descnbed as fibious con- 
densations of the fascia coveimg the psoas and quadiatus lumborum muscles 
The medial aich (mteinal aicuate ligament) is said to be attached at one 
extiemity to the body of the second lunibai veitebia and at the othei to the 
coiiespondmg tiansveise process It budges the bellies of the psoas muscles 
The lateial aich (external aicuate hganient) budges the belly of the quad- 
iatus lumboium and is said to be attached at its medial end to the tip of the 
second lunibai tiansveise piocess and at its lateial end usually to the tip of 
the twelfth 1 ib 

Oiii aitist, Ml W Blanks Stewait, found, when he attempted to make 
diawings of the diaphiagm fioni cadaveiic dissections for Doctois Baker 

- Read before the Southern Surgical Association, Pmehurst, N C, December o-ii 
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Fig I ■ — Textbook illustration of amtom} of tliapliragm (Modified from Morris Human 

Anatomy) 

(a) 

(1) Sternothyroid 

(2) Transtersus thoracis 

(3) Sternal origin of diaphragm 

(4) Costal origin of diaphragm 

(b) 

(1) Opening for \ena ca\a inferior 

(2) Right diMSion of tendon 

(3) Aorta 

(4) Right crus 
(s) Psoas minor 

(6) Psoas major 

(7) Transversus abdominis 

(8) Quadratns lumborum 

(9) Sternal origin 

(10) Middle diMSion of tendon 

(11) Fsophagus 

(12) Medial lumbocostal arch 

(13) Left crus 

(14) Transierse process of second lumbar aertebra 
(is) Fourth lumbar lertebia 


and Burns, that he could not haimonize this description with his specimens 
This fact led Doctoi Baker to undeitake a series of dissections of the 
diaphiagmatic attachments in human cadaveis These dissections revealed 
the fact that while the above description is approximately correct insofar as 
the ultimate points of bony attachment of the diaphragm are concerned, it 
fails to give a true pictuie of the attachments of the costal segment and of 
the lateral portion of the lumbai segment in their relations to the transversus 
abdominis muscle and to the lumbar fascia We find that the attachments 
of the costal portion of the diaphragm and those of the transversus abdominis 
to the costal cartilages and ribs (Fig 2 a) are so intimately blended an- 
teriorly (ill the region of the seventh, eighth, and ninth cartilages) that they 
are inseparable, and that posteriorly (tenth, eleventh, and twelfth ribs) the 
two muscles are united by a common aponeurosis which becomes progressively 
ivider as it is traced backward to the lateral margin of the quadratus lum- 
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box uni iiliere it blends with the lumbodoisal fascia (Fig 2 h) This com- 
mon aponeuiosis attaches to the tips of the tenth and eleventh iibs but only 
indnectly to the twelfth Medial to the tip of the twelfth 11b, it blends with 
the fascia that budges the tiiangulai defect in the musculatuie of the 



Fig 2 — Attachirents o£ the diaphragm as leiealed by authors’ dissections 


(1) Common aponeurosis and transversus abdominis attached to posteiior 
surfaces of costal cartilages and tips of ribs 

(2) Anterolateral portion of the costal segment of the diaphragm 

G) Transversus abdominis 

G) Posterior sheath of rectus abdominis 
(b) 

(1) Posterolateral portion of costal segment of diaphragm 

(2) Tip of twelfth rib 

(3) Fusion of the common aponeurosis of the transieisus abdominis and 
the diaphragm i\ith the lumbodorsal fascia 

(4) Quadratus lumborum 

(5) Psoas muscles 

(6) and (7) Condensations of the anterior layer of the lumbodorsal fascia 
giving attachment to the diaphragm (medial and lateral lumbocostal 
arches) 

(8) Prevertebral fascia 

diaphragm that represents the formei site of the pleuroperitoneal hiatus 
(foramen of Bochdalek) In effect, therefore, the diaphragm and the trans- 
versus abdominis aie continuous with each other, a fact which can be readily 
and graphically demonstrated by freeing their attachments to the costal arch, 
thus converting the two muscles and their common aponeurosis into a con- 
tinuous fibi oniusculai sheet which togethei with the rectus sheath and the 
lumbar fascia enclose the abdominal cavity (Fig 4) 

Medial to the formei site of the hiatus pleuropei itoneahs is the lateral 
margin of the lumbar segment of the diaphragm (Fig 2 b) Dissection of 
its attachments leveals a state of affairs quite similai to that seen in the costal 
portion The aicuate ligaments, to which the lateial cius attaches, are found 
to be simply condensations of the lumbopsoas fascia attaching only indirectly, 
thioii^h the lumbodorsal fascia, to the tip of the twelfth 11b and the tiansverse 
piocess of the second lumbar veitebia The lateial attachment of the lateral 
cius IS, theiefoie, really to that layei of the lumbar fascia which covers the 
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anterior surfaces of the quadratus lumborum and psoas muscles (Fig 2 b) 
and Fig 3) That it is actually continuous with this fascia is amply attested 
by the fact that muscle fibers have actually been seen to extend from the 
diaphragm thiough the aicuate ligaments and into this fascia In effect, 
therefore, the diaphiagm is continuous with the mnei fibromuscular layer of 
the abdominal wall 

Preverlebral fascia 

I 

! Ant layer of lumbodorsal fascia 





Tic 3 — Cross section lielow the level of the attichment of the diaphragm 
showing the antenoi lajer of the lumhodorsal f iscn which is continuous with 
the later il portion of the lunibai segment of the diaphragm Note that this 
lavei IS attiched oiilj indirectly to the transverse process of the \ertehri 

Since making this study we have been mteiested to find that Sii Aithur 
Keith^'* has observed the continuity of the diaphiagm with the tiansversus 
abdominis and posteiioi lamina of the lectus slieath m the developmental 
stage, and that, in 1676, Caspai Bartholin, son of Thomas,- desciibed the 
diaphragm and the transversus abdominis muscles combined as a tiigastiic 
muscle 

Emhyology — It is very tempting, aftei studying these dissections, to 
think of the diaphiagm as representing the inner layei of the thoracic por- 
tion of the coelomic cavity stripped fiom the suiface and foiced downward 
by the descent of the thoracic viscera, but unfoitunately this is not m accord 
with the known facts The most probalile explanation is as follows The 
diaphiagm, which is a late development in the evolutionar}^ piocess, being 
found only in mammals, is formed fiom three diffeient sources, two of 
which are paired The thiee parts develop independently and on different 
time schedules (i) The anteiomedial poition develops fiom the transverse 
septum , (2) the posterolateial portions fiom the pleuropei itoneal membranes , 
and (3) the lumbar portion from the dorsal mesogastiium At about the 
seventh or eighth week of fetal life, these segments fuse to foim a single 
fibrous septum which later is conveited partially into muscle Shortly after 
this has taken place, the liver grows so lapidly that it expands the upper 
abdomen faster than the diaphragm can grow Consequently, a portion of 
the inner wall of the abdominal cavitj'^ is pulled inward to become the 
peripheral margin of the diaphragm^ 23 q-pjg probably accounts for 

the continuity of the diaphiagm with the inner layer of the abdominal wall 
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Diaphiacjmahc Heima—ln view of the complex origin of the diaphragm, 
It is not smpiismg that we find that congenital openings not infrequently 
occur A leview of the repoited defects is beyond the scope of this paper 
For oui pin poses, it is sufficient to say that any pait oi all of one leaf of the 



Fig 4 — The right side of the diaphragm, the transversiis 
ibdommis, and their common aponeurosis exposed by removal of 
paits of the thoracic and abdominal walls 
(r) Diaphragm 

(2) Common aponeurosis of dnphragm and transversus ab 
donums 

(3) Transversus abdominis 

diaphiagm may be found missing Veiy laige defects are most common 
in the posteiior poition and on the left side Complete bilateial absence of 
the lumbar segments has been lepoited® Infection and tiauma may also, 
on occasion, cause veiy large defects 

Most openings in the diaphiagm may be closed by simple sutuie without 
gieat tension (especially if the phienic neive is crushed as a preliminary 
step) because the convexity of the diaphiagm affoids a coiisideiable amount 
of slack, but when the defect is veiy laige some means of supplementing 
the available amount of tissue oi of diminishing the anteioposteiior diameter 
of the thoiax may be necessaiy This is especially tiue when the hiatus is 
a maiginal one, as in heinia thiough a persistent pleuropei itoneal foramen 
Flee fascial grafts may be used but aie subject to the disadvantage that they 
cannot be placed m a satisfactoiily vascular bed It seems desirable, there- 
foie, to use some foim of sliding oi pedunculated flap When the common 
attachments of the tiansveisus abdominis and the diaphiagm have been dis- 
sected fiom then costal attachments, one is immediately impiessed by the 
fact that the diaphiagm has been augmented by an additional segment equal 
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to almost one-half its total aiea (Fig 4), and that the entire structure can 
easily be drawn down below the costal arch, even in the fixed cadaver The 
following procedure (which has been performed only on the cadaver) is, 
therefoie, proposed foi very large defects in the anterior and anterolateral 
portions of the diaphragm 

A subcostal incision is made about one inch below the costal arch, ex- 
tending from the lateial margin of the rectus sheath to about the tip of the 
tenth or eleventh 11b This incision is earned down through the external 
and internal oblique muscles, exposing the transversus abdominis The in- 
ternal oblique is then separated from 
the anterior suiface of the transversus 
anteromedially to the attachment of 
the latter to the posterior rectus 
sheath The costal arch is retracted 
anteriorly and superiorly so that, by 
blunt dissection, the common attach- 
ment of the transversus abdominis 
and the diaphragm is exposed By 
caretul sharp dissection with the 
blade of the knife directed toward the 
ribs, this aponeuiosis is dissected 
from its costochondral attachment for 
the full length of the incision (Fig 
6B) The pleural cavity is usually 
entered during this proceduie, and 
this opening should also be enlaiged to the full length of the incision, after 
which it is possible to pull the diaphragm down well below the costal arch 
The contents of the hernia aie then fully exposed, making the fieemg of ad- 
hesions and the replacement of the visceia in the abdominal cavity compara- 
tively easy The defect can then be closed with adequate overlapping of the 
edges and without tension even if as much as one-third of the leaf is absent 
(Fig 6C and D) Part of the tiansversus abdominis now slides into the 
chest cavity and becomes a part of the diaphragm The antei lor surface of the 
transversus abdominis is then sutured securely to the costal margin, thus clos- 
ing the thoracic cavity (Fig 7) If, after this has been done, the abdominal 
cavity should be too much reduced m capacity, the transversus abdominis may 
be detached from the posterior sheath of the 1 ectus muscle, and in addition, if 
necessai y, it may be divided by an incision pai allel to the costal ai ch and well 
below the skin incision, thus permitting it to slide freely into the thoiacic cavity 
without reducing the capacity of the abdomen If the peritoneum should be 
opened during this maneuvei, eithei by accident or by design, the resulting 
defect can leadily be covered with the omentum 01, on the right side, with 
the falcifoim ligament It is probable that more than one-half the area of 
one leaf of the diaphragm can be supplied by this method 

Large marginal defects rarely occur in the anterioi portion of the 
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diaphiagm, but it seems to us that this appioach would piovide an ideal 
method of closure for such cases 

Very large defects m the diaphiagm aie much more common in its 
posterioi than in its anterior portion, largely because of the frequency of 



Fig 6 — Operative procedure proposed for large defects m the 
anterior portion of the diaphragm 
A Lirge defect in anterior portion of diaphragm 

B Common attachment of transversus abdominis and diaphragm 
being dissected from its costal attachment 

(1) Costal arch retracted upward 

(2) Common aponeurosis of the transiersus abdominis and dia 
phragm 

C and D Defect in diaphragm pulled down below costal arch and 
closed with overlapping of the edges 

(i) Common aponeurosis of transiersus abdominis and dia 
phragm 

persistence of the pleuropeiitoneal hiatus, but the procedure described above 
is not suitable for such cases, for the lumbar attachments of the diaphragm 
are quite inaccessible from an anterior transthoi acic incision A posterior 
approach embodying the same principles is not piacticable, foi the lumbai 
fascia cannot be mobilized as can the transversus abdominis However, a 
suitable sheet of muscle to close the defect can be obtained from the latissimus 
dorsi, as was done in the following case 

Case Report — B , white, female, age 19, presented herself to Dr Frank Brock, 

February 23, 1936, complaining of attacks of pain m the epigastrium and right upper 
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quadrant of the abdomen associated with nausea, vomiting, and fever , duration, about 
five months Her mother reported that she had suffered from severe “smothering spells 
until she was four and one-half months old 

Examination levealed the presence of a huge right diaphragmatic hernia Roent- 
genograms showed no evidence of the right leaf of the diaphragm 

On March i8, 1936, Doctoi Brock and one of us (J D R ) attempted to close 
the hernia through an anterioi transabdommal approach When the abdomen was 
opened, the patient took a deep breath and the entire right lobe of the liver and most 
of the right half of the colon disappeared into the thoracic cavity The pleuroperitoneal 
diaphragm was found to be intact but the fibromuscular septum was represented only 
by an anterolateral crescentic flap about three inches wide at its widest point (Fig 8) 
The posteromedial portion of the diaphragm including the lateral crus was absent 
Whether or not the medial crura were missing or meiely displaced to the left of the 
midline was not determined There were no adhesions The opening was closed under 
great tension and recurrence took place in about one and one-half months 

On April IS, 1937, the hernia was repaired successfully by the following procedure 
An oblique incision was made over the tenth rib This rib was excised subperiosteallj 
and the thoraco-abdominal cavity was entered by an incision through the rib bed It was 
found that the pleuroperitoneal diaphragm had been ruptured at the time of recurrence 
of the hernia, and that now the pleural and peritoneal cavities were continuous Curiously 
enough, almost no adhesions were found A careful review of the situation made it 
clear that the defect 111 the diaphragm could not be closed without tension, unless some 
other substance or structure was employed to help bridge the gap The lower portion 
of the divided latissimus dorsi seemed to answer this need Accordingly, it was mobilized, 
turned in over the eleventh rib, and its free margin sutured to the freely exposed muscle 
of the posterior margin of the diaphragm by means of “U” sutures of chromicized catgut 
(Fig 9) The thoracic cavity was closed by suturing the ninth intercostal bundle and 
the upper cut margin of the latissimus dorsi to the dorsal surface of the lower portion 
of the latissimus dorsi (Fig 10) The result has been quite satisfactory, as can be 
seen from roentgenograms made three years after operation (Figs ii and 12) During 
this interval the patient has completed a nursing course and is now actively engaged in 
the practice of her profession 

This proceduie was not planned m advance, and we suggest the follow- 
ing improvements (i) It would probably be better to resect the eleventh 
rib instead of the tenth (2) If the latissimus doisi weie divided about two 
inches above the 11b to be lesected, a more hbeial muscle flap would be 
provided 


CONCLUSIONS 

(1) The diaphragm is continuous with the inner fibromuscular layer of 
the abdominal wall, that is, the posterior sheath of the lectus muscles, the 
transveisus abdominis muscles, and the anterior layer of the lumbar fascia 

(2) The continuity of the diaphiagm with the tiansversus abdominis 
makes it possible to use the lattei in the repair of laige anterior defects in 
the foimer A proposed method of procedure is described and illustiated 

(3) A clinically successful method of repaiiing large defects in the pos- 
teiioi half of the diaphragm by means of a sliding fibromusculai flap is re- 
ported 
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AN OPERATION FOR THE CURE OF INGUINAL HERNIA* 

E Vernon Mastin, MD, MS (in surgery) 

St Louis, Mo 

FROM THE DEPARTMENT OF SURGERY, ST LOUIS UNU FR9IT\ SCHOOL OF MEDICINE ST LOUIS MO 

The opeiatiou which is about to be desciibed is a combination and modi- 
fication of many of the different technics which have been employed during 
the last 25 years I have used the same repair, exclusively, in 293 operations 
during the past five years, and there have been only 2 38 per cent recurrences 
In 85 per cent of the recuriences, the patients either developed post operative 
pneumonia associated with a severe cough, or there was a wound infection 


Table I 



■IINOPSIS or RCCURREKCCS rOLLOWINC 293 HERNIOPL^STIES 

No of 


No of 

Percentage of 

Cases 

Type of Hernia 

Recurrences 

Recurrences 

171 

Indirect inguinal herniae 

3 


53 

Direct inguinal herniae 

2 


32 

Indirect inguinal herniae with 




associate direct hernia 

I 


37 

Recurrent inguinal hernia 

I 


Total 293 


Total 7 

2 38% 


The incision is the customaiy oblique inguinal incision The aponeurosis 
of the external oblique is widely exposed and divided in the center of the 
superficial inguinal ring (Fig i) by the aid of a grooved director, care being 
taken not to mjuie the ilio-inguinal nerve 

The cord is freed, and its fibious attachments, which aie so often found 
in the region of the pubic bone, are divided (Fig 2), thus allowing the cord 
to be entirely lifted fiom the inguinal canal 

It IS impoitant that the entire inguinal ligament is freed of all adhesions 
and adipose tissue The superior layer of the aponeurosis of the external 
oblique is (Fig 3) dissected up to its fusion with the falx inguinalis 

The indirect inguinal sac, identified on the anterior surface of the cord, 
IS isolated (Fig 4) and opened, and then dissected free from the cord (Fig 5) 
This dissection is carried upward as far as possible, so that a portion of the 
abdominal peritoneum is pulled downwaid and included in the hernial sac 
A careful seaich is made at this time foi an associated direct heinia The sac 
IS closed (Fig 6), as high as possible, with No 00 Plastigufif and after the 
sac has been cut awa) , the ligated stump is anchored high under the intei nal 
oblique muscle 

In the case of a direct heinia, the sac is fieed (Fig 7), opened, lesected, 
and closed with a continuous suture of No 00 Plastigut and the operation 
IS completed in the same manner as an indiiect heinia 

In the case of a laige diiect hernia, it is often desiiable to divide the 
inferioi epigastiic vessels, as this uill facilitate the exposuie and closuie of 
the sac An oblique incision is then earned thiough the internal oblique muscle 

Read before the Southern Surgical Association, Pinehuist, N C, December 9 - 11 , 

1941 

y A synthetic product made by the Plastigut Foundation, Peoria, Illinois 
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dose to the attachment to its aponeurosis (Fig 8), upwaid and laterally, 
for a distance of one inch, beginning at the abdominal inguinal ring The 
cord IS then displaced upward and laterally through this incision, and (Fig 
9) the fibers of the internal oblique muscle are sutured around the cord with 
No 0000 Plastigut, thus foimmg a new abdominal inguinal ring 

Latei duiing the operation, a flap is cut m the superior reflection of the 
aponeurosis of the external oblique (Fig 13) and sutured around the cord, 
thus completing a combined abdominal and superficial inguinal ring The 
advantage of this pi ocedui e is that there will be no weakness m the subsequent 
repair, and no strangulation of the coid by too tight sutures, as the cord will 
not have to be taken into any fuither consideration m this operation 

The operation is effected with continuous No 00 Plastigut sutuies, as this 
reduces the number of knots and reduces the incidence of serum formation A 
small heavy Mayo needle is used The first suture (Fig 10) is passed through 
the most medial poition of the falx inguinahs and is carried deeply into the 
periosteum of the pubic bone, and through the fibers of the inguinal ligament 
This suture is tied and a clamp is placed on the fiee end of the suture This 
suture IS continued laterally until all of the falx inguinahs and internal oblique 
muscle (Fig ii) is sutuied to the shelving edge of the inguinal ligament 
When it has reached the latei al limit of the incision the suture is locked, 
and a (Fig 12) second row of sutures is placed m the reverse dnection, care 
being taken to place the second row in such a mannei that a different level 
of fibers aie giasped m the inguinal ligament These sutures will have the 
appearance of cross-stitching This sutuie is then continued to the starting 
point, and tied to the suture which was originally left free 

A flap ABC IS cut m the superioi reflection of the aponeurosis of 
the external oblique (Fig 13), one and one-half inches lateral to the cord, 
so that when it is brought around the cord and sutured (Fig 14) it 
will complete a new combined abdommo-supei ficial inguinal img The 
supeiioi reflection of the aponeuiosis of the external oblique is now sutured 
(Pis' 15) fo the shelving edge of the inguinal ligament, beginning at its most 
medial attachment This suture is tied, the free end is clamped, and when 
the lateral limit of the incision m the aponeuiosis is reached, the suture is 
locked, and is continued medially, imbricating the inferior layer of the 
aponeurosis of the external oblique over the supeiior layer, until this same 
suture reaches its starting point, where it is tied to the suture that was 
originally left free for this purpose (Fig 16) It will be noted that theie 
ai e only two knots m the actual 1 epaii , but still there are four rows of sutures 
The cord is completely transplanted throughout (Fig 17), lying directly 
under the superficial fascia and the skin Scarpa’s fascia is closed Avith 
a continuous suture of No 0000 Plastigut (Fig 18), caie being taken 
to sutuie this fascia securely aiound the cord to the underlying aponeurosis, 
so as to avoid all dead spaces The skin is closed with Michael clips, after 
the wound has been thoroughly cleansed with some aqueous antiseptic or a 
steiile saline solution 
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A METHOD OF DISPOSAL OF THE SAC IN OPERATIONS FOR 

OBLIQUE INGUINAL HERNIA ^ 

Joseph D Collins, MD 

POUTSMOUTH, Va 

During recent years many articles have appeared in surgical literature 
dealing with the pioblem of recuirence following opeiations foi inguinal 
hernia Many modifications of the oiiginal opeiations of Bassini and Hal- 
sted have been devised, all of which have for then object the i educing of the 
incidence of recurrence As fai as I have been able to obseive, most of these 
improvements in technic have to do with closure of the inguinal canal I do 
not wish, m the slightest degree, to minimize the importance of adequate 
plastic repaii of the canal, but I believe that not enough attention is being 
given to the disposal of the sac 

In 1919, LaRoque^- described his operation foi the lemoval of the sac 
fiom within the abdomen Latei, in 1924^^ and 1932,^'^ he leemphasized 
the value of this proceduie 111 the various types of herniae This operation 
has not gamed the popularity it deserves In 1937, Williams^® presented a 
papei in which he discussed the advantages of the abdominal approach to in- 
guinal heiniae, as advocated by LaRoque More lecently, Willis,^® also 
Hairison,® published papers in which attention was called to the impoitance 
of the sac m the cuie of hernia With these exceptions little or no mention 
has been made of the sac in suggestions for improved technic Appaiently 
the idle that the sac plays m the lecurrence of a hernia is considered unim- 
poi taut 

Whatevei else may be necessary as a pait of the operative procedure for 
the ctiie of henna, the complete removal of the sac fiom the inguinal canal 
IS essential The usual practice of ligating the sac as high as possible fre- 
quently leaves m the internal ring a piocess of peiitoneum in the form of a 
cone, with the apex diiected towaid the canal This can easily be demon- 
strated by having a patient, who is being opei ated upon under local anesthesia, 
cough 01 stiain, when the bulging peiitoneum can be felt by the examining 
fingei An inti apei itoneal dimple is created just proximal to the ligation 
This point may well be the beginning of a recurrence 

When the internal iing is unusually large and the neck of the sac is of 
unusual width, it is technically almost impossible to ligate the sac above the 
ling Theie is an added danger that the hgatuie may become loosened or 
even slip off the stump of peritoneum during the postoperative period, be- 
cause of excessive vomiting or coughing 

If. dining an attempt at high dissection, m order to secure a high liga- 
tion, the sac, unfortunately, splits up through the ring, or is accidentally but- 
tonholed at 01 above the iing, the purpose of the high ligation may be de- 
feated In the description of the technic of henna operations the importance 

*Read before the Southern Surgical Association, Pinehurst, N C December o-ii 
1941 - ^ ' 
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of high ligation is always stressed, but it must be admitted that the so-called 
high ligation, as generally practiced, is often inadequate In my opinion, a 
method of disposal of the sac that will eliminate the dimple or cone-shaped 
ptocess of peiitoneum will contribute, in a large measure, to the pievention 
of recui rence If the redundant pai letal peritoneum can be tightened over the 
heinial fossa until it is taut, as suggested by LaRoque, it will certainly con- 
stitute the fiist line of defense against a lecurrence of the hernia 

The oldei smgeons weie fully awaie of the impoitance of the complete 
lemoval of the sac Fifty yeais ago, Bennett*’ said that the essential require- 
ments of any propeily devised operation were “(i) The provision of an 
effectual baiiiei acioss the internal aspects of the aperture through which the 
henna escapes, and (2) The abolition of the hernial fossa in the peritoneum 
ovei the abdominal oiifice of the canal ” He further stated that all operations 
which leave any portion of the sac in the ring or canal are faulty in principle 
and defective in piactice In my opinion these fundamental piinciples still 
hold tiue 

Before BassinF ^ made his monumental contiibution to the treatment of 
hernia most suigical authoiities considered the complete removal of the sac of 
piimar}' importance, the canal being legarded as only secondary As Bassini’s 
methods weie not immediately adopted, a numbei of years elapsed before 
the older ideas weie abandoned During this period many surgeons devised 
operations in which the sac alone was the chief consideration Among them 
weie Macewen,^*’ Ball,^ Phelps,^® Barker,- Kocher,^® Baxter,^ Ternllon,^’^ 
and Bishop’’ With the geneial acceptance of the principles of Bassini these 
opeiations became obsolete Howevei, the opeiation of Kochei, I believe, 
merits review in detail 

In 1892, Kocher published a papei in vhich he described his “new" 
method of operation foi the ladical cuie of inguinal henna In this operation, 
which he called the “transpositioii-mvagination” method, the sac was freed 
fioni the cord up to the upper boidei of the external ring, while strong trac- 
tion was made on the sac in 01 dei to expose its highest part After reducing 
Its contents, the fundus of the unopened sac was giasped by a narrow, curved 
dressing foiceps and invaginated backward through the inguinal canal, the 
points of the forceps being kept close behind the anteiioi wall until they 
entered the internal iing where they weie projected forwaid through a pre- 
viously made incision in the abdominal wall well above the level of the internal 
ling The fundus of the inverted sac was now forcibly drawn through the 
opening m the abdominal wall, tiansfixed, ligated, and excised distal to the 
ligature The stump of the sac was then fixed with sutures to the outer 
surface of the aponeurosis of the external oblique This disposal of the 
sac IS open to objection, theoretically at least, in that a process of peritoneum 
IS left protruding through the abdominal wall which might conceivably 
become the site of a ventral hernia However that may be, his results were 
excellent, for m this paper he repoited 76 cases operated upon with only 
two recurrences (27 per cent), and they occurred in patients who had 
exceptionally large herniae 
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In Ins “Text Book of Operative Suigeiy/’ published some years later, 
Kocher modified Ins earlier opeiation by dropping the stump of the sac back 
into the abdomen and suturing the opening m the peritoneum and the muscles 
of the abdominal wall In those cases whei e the sac could not be invagmated, 
either on account of its being too short or too thin, he did what he called 


\ 



Fig I — Encircling suture placed m open end of sac, tied loosely with a 

single knot 


“lateral transposition ” In this maneuver the sac was grasped with a curved 
forceps and pushed up the inguinal canal immediately behind the anteiior 
wall as far as the internal ring where it was protruded thiough a small open- 
ing in the aponeurosis and forcibly pulled out The neck of the sac was 
ligated, excised distal to the ligature, and the stump allowed to letract into 
the abdomen The small opening m the aponeurosis was then sutured 
Kocher was very enthusiastic about his opeiation, reporting that in his 
own clinic at Berne, between the yeais 1896 and 1900, he obtained 977 pei 
cent cuies — only 23 pei cent recuriences in 73 cases He stated furthei 
that he considered the cures to be peimanent as they had been operated upon 
over five years He apparently deiived much satisfaction in comparing his 
lesults with those of Bassini, who lepoited, in a similai series of cases, only 
90 1 per cent cures, or 9 9 pei cent recui rences 

The results obtained by Kocher compare moie than favorably with those 
of the piesent day According to Erdman,^ “fiom a numbei of the largest 
and best suigical clinics, follow-up leports, based on actual examinations, 
show' from 3 to 7 per cent recurrences after operations for oblique herniae] 
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and from 15 to 30 pei cent after opeiations for diiect heiniae Piobably 
thioughout the hospitals of the countiy the actual late is even highei ” 

Kochei’s statistics aie even moie impiessive vhen it is lecalled that he 
did not employ the Bassini method of closing the canal, the tieatment of the 
sac being the piincipal step in his opeiation He simply introduced a senes 
of interrupted sutuies beneath the aponemosis of the external oblique where 
it forms the anterior wall of the canal, that poition m the giasp of the sutures 



Tig 2 — Index finger introduced through necK Tig 3 — Cur\cd KelK forceps being used to 

of sic impinging on -interior -ihdomin-il wall the mike puncture opening in trinsiers-ilis fascia and 

internal oblique md tr-insversilis muscles being peritoneum Forceps is then pushed dounuard 

separated o\ei tip of finger thiough neck of sic 



Fig 4— Forceps emerging from mouth of sac in Fig 5 — Suture in mouth of sac has been 

contact t\ith tip of finger tied around the forceps the ends of suture being 

engaged in closed forceps 


being depressed with the finger so that when the sutures weie tied two paiallel 
folds were approximated, thus tightening the aponeurosis and eliminating 
any redundancy that might be piesent The pillais of the external ring were 
brought together with interrupted sutuies closing the ring as tightly over 
the cord as was possible without interfering with its circulation He con- 
sidered Bassmi’s operation unnecessary in uncomplicated herniae and re- 
sorted to It only m instances of strangulation, those complicated by inflam- 
matory thickening of the sac, with visceial adhesions, and in direct herniae 
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To-day, the fundamental pimciples of the Basbini opeiation are universally 
accepted and piacticed, and Kochei’s opeiation has been foi gotten It is piob- 
ably true that, in the concentiation of effort to find better methods of closing 
the inguinal canal, the impoitance of adequate lemoval of the sac has been 
ovei looked It is logical to conclude that if the modem methods of closure 
are pieceded by a moie complete leinoval of the sac fiom the canal more 
peimanent cures would lesult 

For seveial yeais I have employed a method of disposing of the sac 
which, in my opinion, complies with the postulates of Bennett It thiows 
an effectual bariiei acioss the internal aspects of the apeiture through which 
the henna escapes, and also abolishes the heinial fossa in the peritoneum 
ovei the abdominal orifice of the canal It utilizes the pimciples of Kocher s 
opeiation, with important modifications I must confess, however, that my 
knowledge of Kocher’s opeiation was acquiied during my search of the liteia- 
tuie in connection with the preparation of this papei 

TECHNIC OF DISPOSAL OF THE SAC 

The inguinal canal having been opened by incising the aponeurosis of 
the external oblique, the sac is dissected upwards from its bed and freed 
fiom Its attachments to the cord and ciemaster muscle Any adherent ab- 
dominal visceia IS leleased and allowed to drop back into the abdominal 
cavity An ovei -and-over silk suture is passed around the edge of the open 
end of the sac, completely encircling it, and this suture is tied loosely with a 
single knot and laid aside (Fig i) The index finger is then inserted into 
the open mouth of the sac and passed thiough its neck into the peiitoneal 
cavity, wheie it is made to impinge firmly against the anterior abdominal 
wall at a point two inches above the upper boidei of the internal ring The 
fibeis of the internal oblique and tiansveisalis muscles over the impinging 
finger aie then separated down to the transveisahs fascia foi a distance of 
an inch oi an inch and a half (Fig 2) This separation is held apart by 
letiactois With a cuived Kelly forceps, a punctuie is made through the 
tiansveisalis fascia and peiitoneum ovei the impinging finger (Fig 3), and 
the point of the blades of the foi ceps is pushed down through the internal 
ling, hugging the anteiioi abdominal wall and in contact with the tip of the 
fingei until it emeiges fiom the mouth of the sac (Fig 4) The suture in 
the mouth of the sac is diawii tightly aiound the blades of the Kelly foi ceps 
and the knot tied The Kelly forceps is opened sufficiently to grasp the end 
of the tied sutuie and closed (Fig 5) The foi ceps, giaspmg the end of the 
tied sutuie, is then withdiawn fiom the punctuied opening in the transversalis 
fascia and peiitoneum, chawing the sac thiough the opening, thereby inverting 
It When the sac is thick and bulky the opening may have to be enlaiged 
to peiinit this pioceduie The inveited sac is then pulled outwaid with 
sufficient tension to eliminate any ledundancy in the paiietal peritoneum and 
thus to abolish the heinial fossa The sac is tiansfixed and ligated, the excess 
distal to the ligatuie being excised (Fig 6) The stump of the sac is then 
sutuied to the edge of the opening of the transi ei salis fascia and peritoneum 
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Tic 6 — The snc htMng been in\ cried through 
the opening m trinsiersniis fascia and peritoneum, 
IS transfixed and ligated 



Tig 7 — Sac is excised distal to the ligature 
and the stump is fixed to transaersalis fascia and 
peritoneum uith figure of eight suture 




Fig 9 — Di igrammatic representation of the 
appe irance of a cross section of the region at the 
internal abdonnnal ring (A) When sac is ligated 
high in ring (B) When sic is inverted 


With a figuie-of-eight suture (Fig 7) The opening in the oblique and 
tiansvei sails muscles is closed with seveial interrupted sutures (Fig 8) The 
nigiiinal canal is then lepaired accoiding to the desires of the surgeon 


CONCLUSIONS 

This method of disposal removes the sac from the inguinal canal and 
places a bariier ovei the internal aspects of the internal ring Tins can 
leadily be demonstrated by passing the fingei into the resulting peritoneal 
covered cone where the tense peritoneum can be felt holding the abdominal 
viscera well away fiom the inguinal region It is simple of execution 
and adds perhaps five minutes to the operating time It is not offered as a 
substitute for the Bassmi technic, notwithstanding Kocher’s results, but as 
a moie effectual method of disposing of the sac If employed in conjunction 
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with the modern methods of closing the inguinal canal, the rate of recur- 
rence should be decreased 

This procedure has been employed in 66 cases, followed by the Bassini 
closure of the canal To date, there have been no known recuriences Many 
of these cases have been operated upon within recent months, and it is not 
possible, as yet, to evaluate the effects of this method of disposal of the sac, 
on the percentage of recurrence 

REFERENCES 

ifiall, C B The Radical Cure of Hernia by Torsion of the Sac Brit Med Jour, 2, 
461-462, 1884 

2 Barker, A E On Thirty-five Operations for the Radical Cure of Hernia by Original 
Methods Brit Med Jour , 2, 1203-1205, 1884 
^ Bassini, E Sopra 100 casi di cura radicale dell’ ernia inguinale, operata con metodo 
deir autore Ital cliir congr, Napoli, 1888 
^ Idem Uber die Behandlung des Leistenbruches Arch f khn Chir , 40, 429-476, 1890 
® Baxter, G A A Proposed New Method of Operating for the Radical Cure of Inguinal 
Hernia Annals of Surgcr\, 17, 263-268, 1893 
“Bennett, W H On the Radical Cure of Hernia, with Especial Refeience to Certain 
Methods of Operating Lancet, 2, 599-6oi, 1891 
’’Bishop, E S The Radical Cure of Hernia Lancet, i, 1169-1236, 1890 
® Erdman, Seward Christopher’s Text Book of Surgery 2nd ed , rev , W B Saunders 
Co, p 1312, 1941 

'’Harrison, P W The Cause and Cure of Inguinal Hernia Suigei}", 7, 217-225, 
February, 1940 

Kocher, T Zur Radicalcur Der Hernien Cor -B1 f Schweiz, Aerzte, Basle, 22, 

561-576, 1892 

’■’■/drill Text Book of Operative Surgery 3d Eng ed,A &C Black, Vol II, pp 518- 
526, 1911 

’- LaRoque, G Paul The Permanent Cure of Inguinal and Femoral Heinia Surg , 
Gynec, and Obstet, 29, 507-51 1, November, 1919 
’“/drill An Improved Method of Removing Hernia from Within Annais or SuRr^R^, 
79, 375-381, March, 1924 

’■’/drill The Intra-abdommal Method of Removing Inguinal and Femoial Henna 
Arch Surg, 24, 189-203, Februar}^ 1932 

Macewen, W On the Radical Cure of Oblique Inguinal Hernia by Internal Abdominal 
Peritoneal Pad, and the Restoration of tlie Valved-Form of the Inguinal Canal 
Annals of Surgery, 4, 89-119, 1886 

Phelps, A M A New Operation for Hernia New York Med Jour , 60, 291-296, 

1894 

’’Terrillon, O R S Cure Radicale des Hermes Bull gen de therap , Pans, 116, 
145-150, 1889 

’“Williams, Carrington The Advantages of the Abdominal Appioach to Inguinal 
Hernia Tr South Suig Assn, 1937 
Idem ibid Annals of Surger'^, 107, 917-922, 1938 
’“Wilhs, David A Disposition of the Sac in Operations for Oblique and Femoral 
Hernias Surgery, 7, 212-216, February, 1940 

Discussion —Dr Charles R Robins (Richmond, Va ) It will always 
be difficult to bring out anything new With reference to the illustration 
shown by Doctoi Mastin. with the incision across the fibers of the internal 
oblique muscle, I found the same incision 111 a book by Bloodgood that I ob- 
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tamed fiom a sale of Di Howaid A Kelly’s library, which gave a lesume of 
all opeiations foi hernia performed at Johns Hopkins Hospital up to 1894 
I am quite confident that the question of lecuiient heinia will be settled 
m the Southern Surgical Association We had a papei by Doctoi Estes 
last yeai, m which he reported a low peicentage of lecuirences, and anothei 
member, Dr Thomas M Joyce, of Portland, Oie, published a leinaikahle 
series m the Journal of the Aineiican Medical Association 

I think some of the tiouhle we have m recuiient heiniae is due to the 
incision The leal defect is over the pubic bone, and no incision is complete 
that does not expose the region of the pubic bone and the insertion of the 
rectus muscle Doctor Mastm has been very foitunate m his cases because 
all his illustrations show a very fine conjoined tendon One reason for le- 
cuirences is that there is no conjoined tendon If you investigate your cases 
of inguinal henna you will find this muscle to be deficient m direct heinia 
and veiy often m the indirect type 

The most important maneuver is to place the patient m the recumbent 
position and at ease The finger is placed on the scrotum at a point which will 
permit its invagination The fingei is then passed along the cord up to the 
external img If the fingei then can entei the abdomen m contact with 
the superior and posterior suiface of the jDubic bone tbe conjoined tendon is 
either absent or very pooily developed Otheiwise the finger could not enter 
the abdomen 

I would like to say that my approach to the hernia question, and my reason 
for discussing it at this time, is based on the fact that I am pi epanng a series 
of operations in winch I have pei formed either the thud or fourth operation 
for that paiticLilar hernia This shows that whoever opeiated upon these cases 
before — the best surgeons m my section of the countiy — have left some hole 
that IS not stopped up, and everyone knows that in direct henna lecurrences 
appear promptly 

The speaker heie showed a senes of slides illustiatmg the following con- 
ditions 

The fiist slide (Cunningham’s Manual of Piactical Anatomy) shows a 
normally developed conjoined tendon It ongmates from the outei segment 
of Poupait’s ligament and passes over the cord, and is inserted behind the 
cord m the iliopectineal line and the ciest of the pubes This contracts on the 
cord when theie is increase m mti a-abdominal pressuie, as m coughing, 
straining, etc , and pioduces the shutter action described by Sir Arthur Keith 
It probably has a very important function 111 obhteiatmg the processus 
vaginalis, the process of peritoneum which piecedes the descent of the testicle 
The next slide shows the deficiency of the lowei segment of the internal 
flat muscles, including absence of the conjoined tendon The fibers pass di- 
rectly over to the sheath of the rectus In such a case a well developed sac of 
indirect hernia is often found in addition to the diiect heinia 

A series of slides show a recurrent heinia with the sac of a direct hernia 
and also a femoial hernia After the bifurcated sac (direct and femoral 
hernia) was removed, the finger could be intioduced undei Poupart’s liga- 
ment thiough the femoral ring The lepair was effected by the fascial suture 
derived from the median pillar of the ring which attaclied the rectus muscle 
and sheath and the lowei segment of the internal flat muscle, to the crest of 
the pubes, Gimbernat’s ligament and Poupait’s ligament This effectively 
closed the muscular defect and also the femoial iing 

The last slide shows a young man, age 23, m whom there was muscle 
deficiency on both sides, a developed direct hernia on the left side, together 
with a well formed sac of indnect hernia, and on the right side a small 
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peritoneal sac projecting in the upper part of the cord together with the 
deficiency, but with no protiuding sac of either diiect or indiiect hernia ihis 
case shows that the muscle deficiency is a congenital condition 


Dr William F RciNHorr (Baltimoie, Md ) It has been indeed a 
pleasuie to lieai these three papers, as well as Doctoi Robins discussion I 
wish to comment on the statement made by Doctoi Mastin, that most of the 
recuiiences in his series of cases operated upon for the cure of inguinal lieinia 
have occurred at the upper angle of the wound This is conti ary to my experi- 
ence and that of other members of the staff of Johns Hopkins Hospital Ap- 
paiently most lecurrences m oui cases have developed at the lower angle of 
the heinial wound It is quite tiue that m Baltimore, as elsewheie, various 
technical pioceduies are employed The obvious lack of unanimity of opinion 
in legal d to opeiative tieatment is based on the fact that m a ceitain number 
of patients, although this is a small peicentage, the operation has failed to 
bring about a cure 

A most cursoiy review of the liteiature will reveal that each year articles 
on the operative tieatment of this condition have been published, indicating 
that in spite of the fact that the majority of cases are now easily and perma- 
nently cuied by a variety of procedures by the average operator, there is, 
nevei tireless, a small but definite group m which recui i ence is all too common 

It has been called to my attention, after dissection of more than 300 bodies 
duiing the course in surgical anatomy, m the last ten yeais, how infrequently 
one can demonstrate tendons which are described as noimally occupying the 
lower inguinal legion Foi instance, in the cadaver in which no hernia exists, 
it IS quite unusual to be able to demonstiate a conjoined tendon, and by con- 
joined tendon I mean the fusion of the transveisus and internal oblique fascia 
lateral to the attachment of this fascia to the lateral edge of the rectus sheath 
It IS almost never possible to demonstrate a conjoined tendon due to fusion 
of the transverse and internal oblique aponeurosis as fai lateial as the internal 
inguinal ring It is more frequent, 111 the dissecting and opeiating rooms, to 
find the internal oblique muscle and its aponeuiosis the more strongly de- 
veloped of the two, and inserted separately on the ventral sheath of the rectus 
muscle The falx ingumalis, in the absence of the conjoined tendon, is usually 
conti ibuted to mainly by the aponeuiosis of the internal oblique The weak- 
ness 01 strength of the lowei inguinal region is, therefoie, m diiect proportion 
to the stiength of the aponeurosis of the internal oblique and transversus 
muscles between the internal inguinal ring and the lateral edge of the rectus 
sheath If they aie fused, the structuie should be termed the conjoined tendon, 
wdiich may be stiong or attenuated in young or old, m the presence of or 
absence of hernia 


If the aponeuiosis of the internal oblique and transversus muscles are not 
fused, the conjoined tendon is absent, but the sickle-shaped band of fibers in 
the accentuated aponeurosis of the inteinal oblique muscle, the falx ingumalis 
may be, and usually is, present and definable In adult cadavers and operative 
cases examined, the aponeuiosis of the internal oblique and transversus muscles 
togethei, m the great majorit}^ of instances, have been found to be atrophic 
indefinite and attenuated, rather than definite, stiong and readily demonstiable’ 
Thus, unless some technical method is devised to oveicome this absence of 
Hscia at the lower angle of the wound, the closure is bound to be insecure 
Hus insecurity maj be due to a paucity of tissue, as a result of which there is 
tension on the suture line wdnch approximates the attenuated fascia of the 
tiansveisus and internal oblique muscles to Poupait’s ligament 

Foi these reasons, I wash to call attention to a simple proceduie wdiich not 
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only augments the fascia present in the lower inguinal region, but at the same 
time permits secure closuie without producing the slightest tension, and thus 
remains true to one of the gieatest and most tundamental suigical pimciples 
This consists of a vertical incision made ovei the anteiior sheath of the rectus 
and pyramidahs muscles down to their mseition in the pubic bone The 
incision m the rectus sheath is earned down to the superior lamus of the 
pubic bone, and, supeiiorly, it may be continued as far as the reflection of 
the aponeurosis of the external oblique will permit This incision releases the 
antei loi rectus, and the enclosed muscle tends to bulge immediately Lateral 
displacement of the rectus sheath is then accomplished easily, and the closure 
of the hernial wound is carried out m close accordance with the technic 
described by Halsted This proceduie is to be distinguished fiom the one 
oiiginally suggested by Doctor Halsted, namely, tuinmg over the flap of the 
rectus fascia as a door on a hinge, and suturing the cut end to Poupart’s liga- 
ment , it will be noted in that procedure that there is a w^eak area at the lateral 
border of the rectus muscle In the method I piopose, the sheath is simply 
displaced and drawn laterally, so that the lateral edge of the muscle is not 
exposed and m time the anterior sheath giow's back ovei the surface of the 
rectus muscle In this way tension is avoided without the use of fascial strips 
This proceduie is to be especially lecommended m opeiations foi bilateial 
herniae 

Dr Bradley L Coley (New York, NY) I should like to discuss the 
last three papers in a general way, without specific reference to any one of 
them I believe we are all convinced that i ecui rences after hernia operations 
may be due to many factors, some of which aie peihaps wuthin our control, 
but many of which are not Among the latter may be mentioned the surgical 
anatomy of the individual and the chaiacter of the tissues comprising the 
region through which the hernia escapes Indiiect inguinal hernia tends to 
recur eithei within the internal ring or at the lower angle just above the pubic 
bone Recui rences at the internal ring may be due sometimes to an unnoticed 
indirect sac oi an inadequately high ligation and excision It is to prevent 
these recurrences that methods of disposal of the mdiiect sac, such as that 
described by Doctor Collins, have been devised 

Personally, I agree with Doctor Reinhoff that the majority of lecurrences 
take place at the lower end of the canal The reason hei e lies in a defect in 
the transversahs fascia and the high insertion of the internal oblique and 
transversus abdominis muscles to Poupai t’s ligament To provide a buhvark 
for this undefended area (Hesselbach’s triangle) is the aim of most operations 
for direct hernia, and it is to strengthen this area in particular, that Doctor 
Robins has worked out his operation I believe that the role of the transversus 
muscle in effecting a firm repair in direct hernia has not been fully appreci- 
ated The transversahs fascia is invariably thin and attenuated in cases of 
pronounced direct hernia The transversus aponeurosis, how^ever, is usually 
a fairly firm layer, and this can be sutured to Poupart’s ligament as the first 
or deepest layer of the repair 

In the present crisis which confronts us, large numbeis of men wall be 
examined wnth a view to determining their fitness foi serving with our armed 
forces Many of these Selectees wall be rejected because of so-called potential 
heima or because of large inguinal rings Those rejected will, as advised, 
seek operation for a cure of the so-called hernia I can recall just after the 
First World War, wJiile working under Dr William A Downes, that we 
encountered a goodly number of recurrent inguinal herniae m soldieis who 
had undergone operation for alleged herniae v Inch had given them no symp- 
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toms and which weie, in leality, laige inguinal iings, oi so-called impulses 
These diiect recuuences weie often difficult to cuie by further surgery, a 
number of them had successive lecmrences and weie never lelieved iliere- 
fore, I should like to make a plea foi a moie positive evidence of heinia befoie 
subjecting these bordeiline cases to operation 

Dr Charles Green (Houston, Texas) I think theie aie two impoitant 
points in the lepair of henna Fust, choice of anesthetic, and second, preven- 
tion of tension on the soft pai ts i i c 

Seveial yeais ago I lepoited 315 cases of herniae befoie the Railway bec- 
tion of the Southern Medical Association, with less than 2 per cent recui- 
rences I feel that this low peicentage of lecunences was due, first, to the 
fact that the majority of the opeiations weie pei formed undei spinal anes- 
thesia, thus avoiding the stage of excitement following operation, when the 
patient is reacting fiom a geneial anesthetic I have seen patients waking up 
from a general anesthetic become so excited that it took two or thiee ordeihes 
and nuises to keep them in bed, and only the Loid himself could keep them 
fiom teaiing the lepan of the hernia befoie regaining consciousness This 
does not occur when spinal anesthesia is used Local anesthesia is good, but 
because of the multiple punctui es into the soft pai ts to produce local anesthesia 
there is more danger of postopei ative infection than when spinal anesthesia is 
used The second point is that we weie veiy careful to see that no gieat 
amount of tension was produced when the hernia was repan ed 

Pei sonally, I do not feel that the best 1 esults can be accomplished in hernia 
lepair without transplantation of the coid In my hands the Bassini method 
of lepair, with my modification of Bloodgood’s modification and transplanta- 
tion of the cord, is the best technic 

In closing, let me state that I cannot agiee with Doctor Collins that the 
most fiequent site of lecurrence is the internal iing My experience has been 
that lecuirences aie in the foiin of a diiect henna just ovei the pubic bone, 
at the most fixed point However, Doctor Collins’ technic certainly does 
away with any weakness at the internal ring 


Dr R Duval Jones (Noifolk, Va ) In 1934, my associate. Dr R L 
Payne, published, in the November issue of the Southern Medical Journal, 
a 1 epoi t of his results in the repair of 200 consecutive cases of inguinal hernia 
With this lepoit he published illustiations of a standaidized technic which he 
had employed, using a stiip of living fascia fiom the inner leaf of the external 
oblique aponeuiosis foi his mam sutuie His lepoit nas most gratifying and, 
since that time, we have built up oui senes to approximately 500 cases with 
continuous good 1 esults M^e have had three known lecuriences The first 
lecuiience was a direct lesult of the patient’s falling down staiis while intoxi- 
cated, only thiee weeks aftei opeiation The second, we attribute to a failuie 
to close the defect sufficiently snug at its lower angle, and the third occuned 
111 an eldeily fat man as a lesult of infection aiound inteirupted silk sutures 
which weie used to reinfoice the fascial sutuie 

I agiec with Docloi Reuihoff and Doctoi Robins that the two most com- 
mon sites of icanrence ale (i) wheie the neck of the sac opens into the 
peritoneum, and (a) the lowei angle of the tiiangulai space wheie it is often 
Met, It to completely oM.teiate the defect I-Jouevei, I am convinced that 
these weak points aic satisfacto, ily oveicomc tlie great inajoiity of cases bv 
ca.efully canting out the technic which Docto. Payne and I have used ,n our 
sc. es This IS simply a modification of Bassim’s opeiation. utiliziim a stem 

I n smmf" '>“■' 1 “^ aponetirosil for H e 
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The salient points in cairying out Doctor Payne’s technic weie here shown 
by the speaker by presenting seveial slides 

Slide I shows the point of the index finger in the external ring and the 
method of cutting out the fascial suture from the inner leaf of the external 
oblique aponeurosis which is left attached to the pubic bone 

Slide II shows the method of closing the neck of the sac at its highest point 
on a level with the paiietal peritoneum after the sac has been dissected free 
and the contents have been reduced 

Slide III shows the fascial sutuie threaded on a large fascial needle and 
fixed with a single catgut tie The sutuie is then placed under the coid and 
IS used to approximate the conjoined tendon to Cooper’s and Poupait’s liga- 
ments, thus closing the defect and providing a new bed foi the cord It is in 
the placing of the fiist stitch of this suture that one should be most careful to 
include Cooper’s ligament, lest there be left a small opening through which 
recurience may occur 

Slide IV shows the defect closed, a new floor having been made for the 
cold by sutuiing the conjoined tendon and ai clung fibeis of the internal 
oblique to Poupait’s and Cooper’s ligaments, and fixation of the fascial sutuie 
with interrupted chromic catgut or silk sutures Insei t A shows the free end 
of the fascial stiip being split, B shows the method of fixing the split ends 
with a square knot, and C shows the method of turning down the split ends 
after the squaie knot has been tied, and fixing them with chiomic catgut or 
silk 

It has been a great oiivilege to heai these excellent papers and discus- 
sions on hernia, and I offer my discussion simply because I feel that, at least 
111 the hands of Doctoi Payne and myself, the technic I have attempted to 
describe has continued to give sufficiently good results to justify calling it 
to youi attention 

Dr Amos Koontz (Baltimore Md ) I am sony to piolong this dis- 
cussion, but I would like to i efei to what Doctoi Coley has said about operat- 
ing upon cases which have simply an enlarged ring Fortunately, the Army 
legulations aie definite on this ooint, and state that a diagnosis of hernia 
shall not be made on the basis of an enlarged img and slight impulse alone 
The diagnosis is to be made only if a sac is demonstiable In the early days 
of selective seivice examinations some of our best suigeons turned down 
men who should not have been i ejected These doctoi s weie woiking as 
civilian employees at army examination stations and we had a tough time 
educating them to the point where they did not reject men imoroperly Many 
men with enlaiged rings and slight impulses go through their whole lives 
with this condition and nevei develop a hernia I agree with Doctoi Coley 
that opeiating upon such cases, especiall)'' under war conditions, may make 
hernia cases out of some of them 

With leference to Doctor Cannaday’s paper on cutis giaft, although I 
have had no expeiience with such giafts there is evidence for believing that 
what he says about the ultimate fate of the graft is coirect In experimental 
work which I did some j'ears ago, I showed that when a piece of the lectus 
sheath is removed it regeneiates in a A'^eiy shoit time, and very often the 
regenerated sheath is stionger than the oiigmal fascia In the case of the 
cutis graft, I expect that the ingrowth of fibious tissue from the suiiound- 
ing rectus sheath eventually makes the graft stiongei than it was at the time 
of implantation It seems to me howevei that theie aie two obiections to 
the operation The first is the remoA'al of a large piece of skin fi om some 
other part of the patient’s anatomy In the second place, one would think 
that the flimsy nature of the cutis giaft would make it unsuitable to resist 
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the impact of the intra-abdominal pressure In these cases i am still using 
large sheets of pieseived ox fascia, as desciibed in the Ai chives of buigeiy, 
in Maich, 1933 In using pieserved fascia theie is one thing that must be 
lemembeied it is pieserved m a chemical solution which is nutating to 
the tissues and, theiefoie, the fascia should be thoioughly washed in salt 
solution pi 101 to its use At one time the him that puts out ox fascia changed 
the pieserving solution, and staited to put it up m a very nntating solution 
which caused sterile abscesses This caused the mateiial to get a very bad 
name, which it certainly deserved as put up m that particulai preseivmg 
fluid ’ However, as soon as this was bi ought to my attention the obnoxious 
fluid was quickly eliminated and the mateiial is now put up in a solution of 
I pel cent biniodide of meicury in alcohol The piesent mateiial is veiy 
satisfactory and is used with excellent lesults by a gieat many surgeons 
Doctoi Stone lecently told me that in his operation for anal incontinence he 
can see no diffeience in the lesults between preseived ox fascia and autog- 
enous fascia Di Heniy Cave of New York has the fascia soaked 111 salt 
solution for two houis before using it It is my piactice to have the nuise, 
as soon as she is sciubbed up, bieak the tubes of fascia, thoioughly wash them 
in salt solution and then put them in a second basin of salt solution to soak 
until they are used 

I was much inteiested 111 Doctor Collins’ method of dealing with the 
henna sac, and believe that his method piesents a simplified pioceduie for 
canying out LaRoque’s pimciple 

With regal d to Doctoi Mastm’s paper, I thoioughly subsciibe to the 
pimciple of subcutaneous ti ansplaiitation of the coid, which was the essential 
pait of the oiiginal Halsted opeiation Theie seems to be a definite tiend 
back to this pioceduie It seems to me to have tw^o distinct advantages In 
the fiist place, it allows veiy tight closuie of the lowei end of the suture line, 
which IS the point at which most heiniae lecui In the second place, the 
subcutaneous ti ansplaiitation has the advantage ovei ti ansplantmg it between 
any of the othei layeis, 111 that it allows the muscle and the two layers of 
the imbricated aponeuiosis of the external oblique to grow together in a 
solid sheath wdnch, it seems to me, presents a much sti ongei bulwark against 
inti a-abdominal piessuie than if any of these layeis aie separated by having 
the cold between them 


Dr John E Cannaday (Chaileston, W A^a, closing) AAhth lefeience 
to the subject of inguinal hernia, oui lesults have been considerably improved 
since we began using single, mteriupted cotton thread sutures In regaid to 
the use of the cutis giaft, for ceitain laige herniae, wdiich used to be con- 
sideied mopeiable, it is by far the most satisfactoiy method I know of 

Dr Joseph D Collins (Poitsmouth, A^a, closing) The procedure I 
have suggested does not entiiely solve the recuirence pioblem How^ever, I 
believe it wall seive as a first hue of defense against lecuiience It is par- 
ticulaily applicable wheie the neck of the sac is of such wudth that it is im- 
possible to ligate It above the mteinal img 

As Doctoi Green has stated, when a patient reacts from a general anes- 
thetic 111 a state of delirium there is always a dangei that the plastic repair 
of the canal may be damaged This damage may be the inception of a re- 
cuiience By using this method of disposal of the sac, the abdominal visceia 
will be held away fiom the sutuie line until firm union between the coniomed 
tendon and Poupaits ligament has taken place 

Dr E y Mastin (St Louis, Mo, closing) I feel suie that Doctor 
Robins must have misunderstood me, as I did not intend to give tli 
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pression that lecuiiences do not occui at the lower end of the wound, for 
I am ceitain that the greatei nuinbei of lecuiiences do occui there So 
much attention has been paid to this fact that many surgeons have adopted 
a technic of tiansplantmg the coid diiectly undei the supeificial fascia, thereby 
completely closing the lowei angle with the falx mgumahs and two layers of 
the aponeurosis of the external oblique muscles, thus making such a strong 
closure that lecunences seldom occur at this point With the lower angle 
taken care of, the other point of weakness I have encountered has been around 
the cord, and the technic I have described has minimized this Formerly I 
had some difficulty with swelling of the testicle due to trying to close the 
fascia around the cord too tightly, but since cutting the internal oblique muscle 
and changing the position of the cord, I have had no difficult}’- with this swell- 
ing, and have not found it necessary to use a sciotal support for more than 
a year In cases where the falx inguinahs was not sufficiently strong to give 
adequate protection at the medial angle of the incision, I have made a prac- 
tice of cutting a portion of the rectus sheath and bringing it down with the 
falx mguinahs to stiengthen this defect, but tins bas only been necessary in 
a relatively small number of cases 
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TYPES OF INCISIONAL HERNIAE AND OTHER CONDITIONS* 

John E Cannaday, M D 

Charleston, W ^ a 

By the term “cutis graft” or “dermal graft” as used m this paper, is 
meant an excised area of skin, usually with an underlying layer of fat, from 
which the epideimal layei has been removed and which has been implanted 
into the body tissues Otto Loewe,^ of St Maiks Hospital, Frankfoit-on- 
Main, apparently flist made use of the cutis giaft In IQIJ) reported his 
lesults 111 nine cases In 1929, he reported on his use of cutis grafts in about 
100 patients, including all types of cases in which fascia had hitherto been 
used, including such opeiations as leplacement of damaged dura, repair of 
large incisional herniae, fractures of the long bones, arthroplasties of the knee, 
hip and elbow joints, and habitual dislocation of the shouldei joint, he em- 
ployed cutis mateiial in the foim of sutures and ligatures, also for suspension 
or fixation with geneially good lesults- He obseived that these grafts heal 
in place and become firmly attached even undei unfavorable conditions 

Rehn^ published his fiist leport of cases m 1914 Later in his monogiaph 
on the use of cutis tiansplants he desciibed two reconstiuction operations 
peifoimed by him 111 the fall of 1913, lu which destroyed portions of hand 
tendons were replaced vith strips of cutis He began using cutis grafts in 
connection with various reconstructive operations in which fascia had hitherto 
been used Rehn^ believed that cutis was the most suitable material for 
lepainng certain defects because it best answered the requirements for tissue 
legeneiation as outlined by Roux ® He believed that the tension under which 
the graft had been sewn 111 place acted as a stimulus to the bunging about of 
a gradual metaplasia of the transplant 

Uihlein,® who checked ovei a total number of 104 case recoids of patients 
operated upon by Rehn since 1928, in the University Clinic at Freiburg, noted 
15 wound infections, of these the results in nine were good, six not satisfac- 
toiy Four patients died fiom pneumonia Of the total number theie were 
65 incisional heiniae, ii inguinal herniae, eight knee joints with lateral mo- 
tion, 20 miscellaneous The late results m 70 were good, in 14 poor, results 
unknown, 20 cases 

Eitner,'^ dining Woild Wai I, made extensive use of transplants of skin, 
fat and fascia, separately 01 in combinations, as free or attached transplanta- 
tions 111 the com se of plastic operations He 1 eported on this work in 1920, 
and stated that the lesults uith the use of deima were inoie permanent than 
when othei material uas used 

The subject of cutis giafting has been discussed in some detail by Maingot,® 
also by FomoiU DaMs,io B)ais,ii and Ins associates, likewise Bames,i 2 
StiaatsinaJ'^ Smith, and Peer,^’ all have made use of deimal grafts for 
filling out defects, paiticulaih m the region of the face and head, and have 

Read before the Southern Surgical Association, Pinehurst, N C , December 9, 1941 
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found them satisfactory In this type of surgery at times more than one 
thickness of deimal tissue is used 

E\pe} imental Woik — Rehn/® and Schwaitz,^'^ in operations upon dogs, 
removed a portion of the Achilles tendon and closed the defect with a cutis 
graft In ten weeks the repaiied tendon, functionally and structurally, closely 
resembled the contiol tendon on the opposite side 

Eitel,^® by means of Waibuig’s method for estimating tissue metabolism, 
showed that the metabolic rate of derma was considei ably highei than that of 

fascia Work done by Davis and 
Tiaut,^” Carnot and Deflandre,^® and 
Barker,-^ m regard to burying full- 
thickness skin, showed the feasibility 
of securing satisfactory “takes” after 
practically all such implantations 
Peei and Paddock-- had histologic 
sections of human derma made at in- 
tervals of from a week or ten days up 
to a yeai oi longer after implantation 
They found, m most instances at least, 
that even though a cai eful attempt was 
made to i emove all the epidermis from 
the giaft pi 101 to its implantation, 
some epideimal tissue was left, that 
the sebaceous glands and hair follicles 
disappear early, that the sweat glands 
disappear later and undergo gradual 
ti ansformation into fibrous tissue, 
that the dei ma survives by fusion with 
the adjacent subcutaneous tissue, and 
that this IS brought about by the mechanism of inflammation and repair asso- 
ciated with aseptic wound healing 

Advantages — Cutis is better suited foi plastic lepair than fascia because 
it IS more active and has longer life It makes a repaii that is stronger and 
moie resistant to the impact of piessure or strain Cutis is more readily avail- 
able According to the laws of the mechanism of development derma could 
be expected to undeigo a type of transfoi mation according to its use Cutis 
takes leadily and heals in place firmly in a comparatively short time 

Operative Technic — The opeiatwe pioceduie is essentially the same as 
that used for the implantation of fascia After making as thorough a closure 
of the hernial opening as possible by the usual sui gical methods, the epithelium 
IS removed from a suitable area of skin, prefeiably situated on the antero- 
external aspect of the upper third of the thigh However, cutis from the 
skin coveiing the hernia oi othei areas will be found almost as satisfactory 
This cutis IS cut into a suitable shape so as to oveilap moderately the fascial 
edges surrounding the hernial opening A thin layei of fat, usually about 
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2 5 mm in thickness, is left undeineath the graft The giaft is placed and 
sutuied under firm tension with Nos 30 or 40 (usually the latter) inteirupted 
cotton tin ead sutui es spaced at frequent intervals By the use of a double graft, 
that is, by sutui ing one graft eithei to the peritoneum and posterior fascia or 
to the undei surface of the aponeuiosis and the other on top of the aponeurosis, 
we ensure a much stionger abdominal wall Sulfanilamide crystals and 
sulfathiazole m small amounts (usually not more than 2 Gni of each) are 
placed between the different layers of tissue The subcutaneous tissue is 



Tig 2 — Cutis graft being sutured to rectus aponeurosis 

sutured ovei the graft with cotton thread sutui es Nos 60 or yo No tension 
sutures aie used in the wound closure Skin clips are used 111 closing the 
skin edges, and No 70 cotton thread sutui es are placed between the clips, 
each sutui e taking a veiy small bite of skin 

It has been advised by Rehn,“^ and some other German suigeons, that 
henna cases in which cutis implants have been used, be kept in bed fiom 
SIX to ten ueeks with a view to waiting until the tiansplant had been to a 
consideiable extent conveited into fibrous tissue My observations lead me 
to believe that tbe skin implant is very firmly united as early as three weeks 
subsequent to implantation, and that piolonged rest in bed is not necessary 
In the formation of leplacements for damaged tendon the cutis tissue may 
be used eithei m a single stiip or strips bi aided or twisted together, in the 
replacement of latge tendons such as the tendo achilhs, a flat strip of skin with 
the edges sutured together as a tube with the fat side out 

The indications for the use of cutis aie essentially the same as those for 
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Fig 3 Plernia ten weeks after operation Fig 4 — Cutis graft repair of large direct inguinal hernia 
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the use of fascia oi tendon, cases of laige incisional heiniae in which the edges 
of the aponeuiosis cannot be made to oveilap, inguinal heiniae in which the 
structuies surrounding the opening aie defective oi those m which the struc- 
tuies about the img cannot be appioximated without undue tension, tissue 
replacement aftei excision of the patella, the reconstruction of unstable knee 
and elbow joints by using giafts to leplace or to supplement weak or absent 
external ligaments, habitual dislocation of the shoulder, also lowei jaw, the 
filling out of depiessions due to the loss oi absence of tissue, the leplacement 
of poi tions of tendon that have been desti oyed , the use of sti ips of cutis for 
suture mateiial, sutuiing the ends of fractuied bones together, seeming bone 
grafts 111 place , the anchoring of eithei end of the dislocated clavicle , arthro- 
plasties of elbow, knee and hip joints 


M RECTUS FEM0K15 
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Fig S — Cutis graft in place showing incisions for insertion in case of 
slipping knee Translation (Gernnn terms) Kutislappcu — Skin flap Kiihsplastil 
bet — Cutis plastic for Schloftcrkmc — Side slipping or wobbling knee (After 
Relin Arch of Surg , 38, No i, 127, Januarj, 1939 Article by Alfred 
Uihlein, Jr ) 

We have used cutis grafts m the lepair of six laige incisional hernias 
(in one of these a double thickness giaft was used), five laige indirect inguinal 
hernias with defective structuies (two of these by Di Bankhead Banks, one 
by Dr Hugh A Bailey, both suigical associates), one repaii of double frac- 
ture of the patella, one on-lay bone giaft foi ununited fractuie of ulna, one 
suspension of the uterus, all with primary healing and apparently satisfactory 
lesults 

ILLUSTRATIVE CASE REPORTS 

Case I — B P , white, male, age 51, admitted to the hospital May 27, 1940 vith a 
very large epigastric hernia The bulge on deep expiration was fully 4^ inches across 
He had a small ulcerated area over the hernia A wire screen was placed over this and 
the patient was kept in the hospital for 3 weeks at the end of which time healing had 
taken place 

0 />ejafioH— July 9 The hernial sac was excised, parietal peritoneum was closed by 
overlapping The edges of the muscular aponeurosis could not be approximated A cutis 
graft from the thigh was sutured over the defect The patient had an uneventful con- 
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valescence A recent check shows no evidence of recurrence He returned to his former 
occupation of coal loading several months ago 

Case 2 — L K , white, male, age 69, admitted to the hospital April 19, 1941 for 
repair of a large lower right incisional abdominal hernia Weight 170 pounds Blood 
pressure 170 systolic, no diastolic The size of the hernial bulge ^\as approximately 
that of an average babv’s head 

Opoatw )! — May 8, 1941 The hernial sac contained several loops of small bowel 
The opening in the aponeurosis was approximately 4x2 inches wide This was closed 
by use of a cutis graft from patient’s thigh He made a satisfactory recovery with no 
evidence of recurrence to date 

Case 3 — H T , white, male, age 23, was admitted to the hospital, December 21, 
1941, with two transverse fractures of tlie patella, and a nearly complete transverse lacera- 
tion of the patellar aponeuroses, also, a considerable laceration of the skin over the 
patella 

Opeiatwn — January 5, 1942 Open reduction of the fracture was effected, together 
with repair of the aponeuroses over the patella bj a cutis graft-suture taken from the 
skin of the thigh just above the knee This was carried through the aponeuroses from 
one side to the other, twice on each side, and anchored at various points with interrupted 
sutures The wound healed normally A plaster encasement, with walking-iron, was 
applied He was discharged January 18, 1942 

Case 4 — J H E , white, male, age 58, was admitted to the hospital, December 30, 
1941, with a very extensive incisional hernia in the right upper abdomen, following a 
gallbladder operation two years previously There were five separate pockets in the 
hernial area 

Opetaiiou — January 8, 1942 Two cutis grafts were used The first was taken from 
the redundant tissue in one of the wound flaps and was sutured to the posterior fascia 
and parietal peritoneum The remains of the fascia were sutured over this graft A 
second cutis graft, from the right thigh, was sutured to the aponeurosis surrounding the 
hernial opening The patient was discharged January 16, 1942 

Case 5 — I T , white, male, age 54, was admitted to the hospital, January 7, 1942, 
for repair of a large, right direct inguinal hernia 

Operattoji — January 9, 1942 After the sac had been closed and the transversalis 
fascia sutured, a cutis graft was placed in position and sutured to the shelving edge of 
Poupart’s ligament laterally, to the pubic periosteum at the lower end, on the medial 
side to the sheath of the rectus in the lower two-thirds and to the conjoined tendon in 
the upper third, a small notch was cut in the graft so as to make it fit looselj around 
the cord The aponeurosis of the external oblique was brought underneath the cord, and 
the undersurface of the aponeurosis was sutured to Poupart’s ligament so that it would 
fit snugly over the cutis graft 


CONCLUSIONS 

Cutis may be used in all cases in which the use of fascia or tendon might 
be indicated, with the expectation of bettei results It heals in rapidly and 
well , has great vitality , is able to survive under adverse conditions , possesses 
great tensile strength , has a good blood supply , gradually assumes the func- 
tion of the part it replaces , and is readily available 

Its greatest value lies in the repair of laige incisional herniae, also inguinal 
herniae with defective structures or those in which the structures cannot be 
brought into propei approximation without undue tension It is useful in 
bone and joint surgery, is suitable foi the reconsti uction of tendons, makes 
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excellent ligature and suture material , and is of value in filling out defects of 
contoui in various parts of the body 

Note The writer wishes to acknowledge the help and assistance of Dr Bankhead 
Banks and the hospital resident staff in the development of this method and in the care 
of these patients 
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RETROVAGINAL HERNIA* 

W C Dixon, MD 
Nashville, Tenn 

Retrovaginal hernia and othei defects in which thei e are changes in the 
noiinal anatomy and relationships of the pelvic floor and the cul-de-sac of 
Douglas have been discussed in the hteiatuie under the titles of posteiior 
vaginal hernia, enterocele, cul-de-sac hernia, Douglas’ pouch hernia, and high 
rectocele Some of these conditions are not tiue heiniae, and, therefore, the 
term letrovaginal hernia, applied to a definite entity which meets the require- 
ments of a tiue hernia, seems appiopriate and desciiptive of the condition 
under discussion Anatomically, it is characterized by the piotrusion of a 
peritoneal sac thi ough the cul-de-sac of Douglas which dissects its way between 
the vagina and the rectum and presents as a mass m the vagina It is of rare 
occurrence 

This seems stiange when one stops to consider the anatomy of the pelvic 
floor, which is composed largely of the levator and coccygeus muscles and 
their covering fasciae 

In animals who travel on all fours, the force of intra-abdommal pressuie 
IS exerted on the abdominal muscles, and the levator and coccygeus, or their 
comparable! muscles, have the function of moving the animal’s tail In the 
human, the erect posture transfeis to them the function of a pelvic floor 

This diaphragm is peiforated by openings for vessels and nerves, and by 
larger openings for the uiethra, vagina and lectum 

The superficial fascia of the pelvic floor extends onto, and is intimately 
connected with the urethra, vagina and rectum 

Derry^ has pointed out the fact that the levator is one of the most variable 
muscles in the body Symington^ states that the center of the pelvic floor 
averages one inch m thickness, wheieas lateially it may attain a thickness of 
two or thiee inches He thinks the vaginal opening is the mam source of 
weakness but this is offset to some degree by the fact that the vagina passes 
obliquely fiom below upward and backwaid so that the geneial effect of intra- 
abdominal pressure is to force the anteiioi wall against the posterior 

Although this diaphragm is perforated at its thinnest portion in the mid- 
hne by three large tubular stiuctures whose lumina vary in size to accom- 
modate the passage of material, hernia in this aiea rarely occuis 

The obliquity of the pelvic cavity which allows the force of iiiti a-abdominal 
pressure to expend itself to some extent on the bladder, symphysis and anterior 
abdominal wall no doubt furnishes considerable protection to the pelvic floor 
The length of the mesenteiy of the intestine and the frequent piesence of 
the sigmoid flexuie occupying the cul-de-sac piobably act to some degree in 
protecting the pelvic floor fiom intra-abdominal piessuie m the absence of 
fluid or tumors 

* Read before the Southern Surgical Association, Pinehurst, N C, December 9-1 1, 
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While most of the reported cases of letrovaginal heima have occurred m 
women who have borne childien, cases have also occurred m nulhparous 
women 

The strain and trauma of childbirth thus assume considerable importance 
in the etiology, but some congenital defect must play an impoitant part since 
the condition is so rare m multiparous women and occurs m those who have 
not borne children Such a defect may occur in the muscular diaphiagm or 
the fascia 



Fio i — V'ii>ing degrees of liernntion Tins condition niaj occur with or ivithout an assocnted 

reclocele 



1 iG 2 — Post\ igitnl hernn nnj occur w ith the uterus in nornnl position or associated 

nith MrMug degrees of prolapse 


It is probably tiue, honevei, that even m the presence of such a defect a 
congenitally deep cul-de-sac is an impoitant factor m the development of such 
a hei Ilia 

In the fetus, Douglas’ pouch extends donn to the levator muscles It is 
gradually elevated duiing development until, at pubeity, it is opposite the 
second or third sacral vertebia If this elevation does not take place a con- 
genitall} deep cul-de-sac results 
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BlaisdeiP® has desciibed ligamentous bands originating on each side of the 
cervix at the insertion of the uteiosacial ligaments, which extend downward 
and are attached to the vaginal vault He calls them ligamenta plica vagmaha 
They give support to the vaginal vault, and if congenitally absent or if injured 
during childbiith they allow the vaginal vault to sag and contribute to the 
formation of a deep cul-de-sac Under such circumstances, should there be a 
defect in the muscles or fascia of the pelvic floor, conditions ai e present which 
piedispose to retrovagmal hernia 

The strain and trauma incident to paiturition, inci eased mtra-abdommal 
piessuie from fluid or tumors in the abdomen, or prolonged seveie muscular 
effort might be the initiating factor in the formation of such a hernia 

There is a marked degiee of confusion evident m the literature as to what 
properly constitutes a true retiovagmal henna 

Hall,^ m summarizing a leview of the hteratuie on this subject, comments 
as follows “Today there aie complete disoiganization in the hteiature and 
a lack of lehable statistical data on vaginal and pelvic herniae because of mul- 
tiplicity and uncertainty m terminology and diagnostic requii ements, and 
because of inadequate examinations and reports and mistaken mteipretations 
to be noted in many writings ” 

Miles® has noted this confusion and has proposed that all herniae through 
the pelvic floor should be classed as pelvic henna with the point of egress 
denoted to give the subvariety of the heinia 

This follows the common usage with reference to henna into the inguinal 
canal, where the terms direct and indirect denote the point of egress of the 
hernia from the abdominal cavity Adoption of tins suggestion w'ould gieatly 
simplify the problem of pelvic henna 

Miles pointed out that cystocele and lectocele are spoken of as herniae, 
while neither meet the lequn ements of a pentoneal sac They aie merely 
prolapses of the anterioi or posterior vaginal w'all 

With reference to piolapse, he has the follownng to say “In descensus or 
prolapse of the uterus accompanied by abdominal viscera bulging into the 
cul-de-sac, there is no tine hernial sac and no ring oi aperture through wdnch 
the viscera herniate The uteius descends because of stretched and attenuated 
caidinal and uteiosacral ligaments The cul-de-sac is enlaiged and there is a 
descent of the pelvic floor This condition is properly called elytrocele or 
vaginal enterocele ” 

Cary and Young® agree wnth this viewpoint and state that “A tiue 
posterior vaginal hernia is a definite peritoneal sac pushing dowm from the 
pouch of Douglas m the midhne and dissecting betw^een the rectum and vagina 
The neck of the sac is located betw^een the uterosacral ligaments just behind 
the top of the vagina, and through this abdominal contents pass to form a 
mass which may bulge out tin ough the vulva when the patient sti ains dowm ” 
Swmetser" reports a case in wdnch he opened the abdomen, and presents 
a drawmig shownng an opening posterior to the uterus in the center of the 
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pouch of Douglas He says this was one inch in diametei and that the finger 
could be passed thiough the opening into the pouch below 

Black^’^ also has reported a case in which the neck of the sac only admitted 
the index finger 

The impoitance of the deep cul-de-sac in i elation to piolapse of the uterus 
has been emphasized by Jones,® Pottbast,® and otheis 

It is recognized that many of the failures following vaginal hysterectomy 
have been due to neglect m olihtei ating a deep cul-de-sac, and this step in the 
operation is now geneially piacticed Waid^'* and CounselleH"^ have both 
emphasized its importance 



Tig 3 — n\^rmn1tlon with one finger in the ^agInl nnd one 
in the rectum is of the greatest diagnostic ^ahle in differentiating 
this condition from rectocele 


Heie, theie is a downwai d pouching of the lelaxed cul-de-sac which pushes 
the uppei pait of the vagina ahead of it, but theie is no tine sac dissecting its 
way between the lectum and vagina Such a cul-de-sac fails to qualify as a 
1 eti ovagmal hei nia 

Piolapse of the uteius with sagging of the pelvic floor and a wide, deep 
cul-de-sac may be compaied to maiked diastasis of the lecti muscles In this 
condition, theie is a pouching of the abdominal wall lined by peritoneum, but 
no Hue neck oi sac in tbe sense these teims are used in i elation to othei 
heiniae 

If Miles’ ciiteiia as to 'what constitutes a tiue retroiaginal hernia are 
accejited. a gieat many cases lepoited as such will have to be rejected 

HalP accepts onl} 26 reported cases as fulfilling the requirements, uhile 
Caiy and Young^ say that theie are 70 authentic cases on lecoid No doubt 
theie aie mam uniepoited cases 
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The symptoms complained of by the patient are a sense of weight and 
pressure m the pelvis, and a variable degree of bulging into the vagina 
Where the sac is well developed, a mass may protrude from the vagina on 
standing or straining, which usually disappears when the patient lies down 
Many of the reported cases had had previous operations for suspension of 
the uterus, or for plastic repair of the pelvic floor, with a recurrence of the 
bulging as soon as the patient got up This is always suggestive of such a 
hernia 

Cases are on record where several plastic operations have been undertaken, 
with immediate return of the protrusion, and only when the true condition 
was discovered and treated was relief obtained In these cases the rectocele 
had been cured but the hernia was unrecognized and promptly protruded after 
operation 

When a woman presents heiself complaining of a vaginal protrusion, it is 
natural to think of the common causes of this condition, namely, cystocele, 
rectocele, or prolapsus Unless vaginal hernia is borne m mind, and a search 
made for it, it mav be overlooked 

If the mass contains intestine, peristaltic waves may be seen over its sur- 
face, and reduction ma}'^ be accompanied by a gurgling sound This is not 
present if the contents are omentum oi fluid 

Examination with one finger in the rectum and one in the vagina will 
differentiate the condition fiom lectocele, which may coexist, as it will show 
that all the protrusion is not due to the rectocele In cases where rectocele 
does not exist this maneuver helps to establish the fact that the protrusion 
originates behind the cervix, and if the patient is asked to strain it will deter- 
mine the presence of abdominal contents in the protrusion 

The following complications have been discovered by Bueerman’^ in his 
survey of the literature (Table I) 


Table I 

Complications No o' Cases 

(A) Interference ^ith delivery lo 

(B) Hernia incised or excised because of error jn diagnosis with death 3 

(C) Pelvic abscess following delivery with spontaneous cure 2 

(D) Rupture of hernia with evisceration and death 2 

(E) Rupture of hernia with recovery i 

(F) Rupture of hernia dunng delivery with recovery i 

(G) Death from incarceration of hernia i 


In view of the small number of cases accepted by Bueerman as proven in 
his review, namely, 76, these figures prove the condition to be serious and 
accompanied by a rather high mortality 

The treatment is surgical Palliation by pessaries does not afford relief 
as it does m some cases of prolapse, since a pessary cannot obstruct the hernial 
opening 

The same pimciples apply heie that apply to the treatment of hernia else- 
where, namely, isolation of the sac, disposition of the sac, and closure of the 
point of egress of the hernia from the abdominal cavity 

There are two avenues of approach The abdomen may be opened, the sac 
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mveited into the abdomen and disposed of, and the cul-de-sac obhteiated by 
the Moschcowitz technic for the tieatment of piolapse of the rectum An 
abdominal approach may be necessary if abdominal contents are adherent m 
the sac, oi if mti a-abdommal pathology lequiies section 

In cases where this is not necessaiy, the vaginal appioach is moie desirable 
This consists in opening the vaginal plate fiom the perineum to the cervix, 
dissection of the sac fiom the lectuin and suiioundmg tissues, ligation of the 


neck of the sac, excision of the 
excess, anchoiing the stump be- -■ 
hind the ceivix, and obliteiation 
of the cul-de-sac by appioxnnat- 
mg the uterosacial ligaments 
The lemainmg tissues aie ap- 
proximated and a high peimeoi- 
rhaphy completes the opeiation 
An occasional case may lequne 
both the vaginal and abdominal 
approach 

The following case seems to 
meet the lequnements of a tiiie 
retiovaginal hernia 


Case Report — Mrs J J U, 
white, age 52, housewife, paia 4, 
gravida 5, was seen April 14, 1941 
CIttcf Complaint Vaginal protrusion 
and soreness in lower abdomen Pic- 
vwus Htsloiv In September 1938, she 
had been operated upon for prolapse of 
the uterus by the Murphy technic 
Following the operation she had sore- 
ness and pain in her lower abdomen 
and pelvis The pain was at times 
sharp and cutting in character, and at 
other times dull, with a feeling that 
everything was dropping out of her 
In April, 1939, she discoveied some- 
thing proti tiding from her vagina 
This mass had become irritated and 
there had been a discharge purulent 
in character, at times streaked with 


Fig 4 — Appeirmce of the imss in the c isc reported, 
when the p^tlent str lined 

blood 


The mass now protrudes from the ^aglIu. becomes ^er\ sore, and causes her to 
curtail her activities, keeping her m bed a good deal of the time When she lies down 
the mass recedes, and she is more comfortable She takes enemata frequently If she 
does not she sa>s it feels as if the bot\el gets into the protrusion and makes her 
uncomfortable At times she has burning on urination and a feeling as if she had not 
emptied her bladder completeh 

P/iyical Piam, nation -Abdomen TraIls^erse lower abdominal scar under which 
can^bc felt a tendc. mass, probablj the hahes of the uterus implanted 111 the abdominal 
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Pelvic Paious outlet Small cystocele, redundant vaginal walls When the patient 
was asked to strain, a mass as large as an orange appeared through the vulva with 
startling suddenness This could be easily reduced, and was accompanied by a gurgling 
sound With a finger m the rectum and one in the vagina it was apparent that the 
patient had only a moderate rectocele and that the mass was a hernia containing in- 
testine The cervix was fixed high up in the vaginal vault 

Opciation — An incision was made from the cervix to the middle of the perineum, 
after normal salt solution with adrenalin had been injected under the vaginal plate 
The rectum was identified by passing a sponge stick with tonsil sponge into the rectum 



Tig 5 — Condition present in the case reported Inset shows the uterus su 
tured to the abdominal fascia according to the Murphj technic 


The peritoneal sac was dissected loose from the rectum, and freed entirely from the 
vaginal plate and dissected up to the level of the ureterosacral ligaments at the cervix 
The sac was opened and a small amount of straw-colored fluid escaped This was 
evidently a pocket which had been shut off Another opening was made which entered 
the peritoneal cavitj, and small intestine appeared in the wound The table was raised 
to a Trendelenburg position and the intestine pushed back into the cavit\ 

The sac was ligated bi a purse-string suture inside, and then by a suture outside 
of this suture, and the excess sac was cut off The stump of the sac was sutured to 
the posterior surface of the cervix The patient had had a pre\ lous suspension operation 
and It was impossible to pull the uterus down enough to identifv the ureterosacral liga- 
ments, but the tissues behind the cervix were brought together bj interrupted sutures in 
an effort to obliterate the cul-de-sac A line of sutures was then placed approximating 
the fascia over the rectum The excess of the vagina was cut off, a high perineorrhaphy 
was performed, and the vaginal plate closed b\ interrupted chromic catgut sutures 

A recent examination of the patient shows that there has been no recurrence and 
that she has been relieved 
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The advent of chemotheiapy and revival of attempts to control severe 
staphylococcal infections by serum tlieiapy have been partially responsible for 
renewed interest in the study of acute hematogenous osteomyelitis Perhaps 
the greatest single impetus were reports suggesting that the long accepted 
teaching that the one great measure in the relief of the disease, to drill the 
bone and release the infection, was not onl}' not helpful but actually harmful 
While this question has remained undecided, numerous new advantageous 
measures have been introduced and added to our therapeutic armamentarium 
In this communication, a series of cases of acute hematogenous osteomye- 
litis are reported The details of a group of 66 cases of the disease occurring 
at Charity Hospital, New Orleans, from 1937 through 1940, are given, and 
are compared with a senes of 1 12 cases previously reported by one of us^ from 
the same institution The moi tahty foi the more recent group was 6 6 per 
cent, and the mortality for the pievious group of 112 cases occurring in the 
same institution between 1930 and 1936, inclusive, was 24 i per cent This 
great discrepancy in mortality lepiesents an obvious improvement in manage- 
ment of the disease, and it was hoped by a detailed study of the two groups 
and comparison of then divergent methods of management that some facts 
could be culled which would help to establish the correct changes in therapy 
In studying these cases an attempt was made to review the records of only 
primary cases of acute hematogenous osteomyelitis By this is meant cases 
which were not operated upon elsewhere and cases not in a chronic stage 
They were considered primary acute hematogenous osteomyelitis even though 
the disease had been present for two weeks, provided the symptoms were 
acute and they had not been operated upon Only hematogenous osteomye- 
litis was included Traumatic osteomyelitis resulting from compound frac- 
tures and osteomyelitis by continuity from some local infection was excluded 
In addition to this, recurient cases of acute hematogenous osteomyelitis were 
excluded even though the disease had appaiently healed and recurred locally 
Osteomyelitis is common, but acute hematogenous osteomyelitis, restricted 
to primary cases, may be found suipnsingly uncommon, even rare The im- 
pression that it IS more common than it is probably comes from the fact that 
recurrences are so numerous and that reported series usually contain these 
recurrences 

*Read before the Southern Surgical Association, at Pinehurst, N C, December 9-1 1, 

1941 
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Even in a laige institution like Charity Hospital m New Orleans, where 
fiom 1937 to 1940 there were 237,105 patients actually admitted to the hospi- 
tal beds, only 66 cases of primary acute hematogenous osteomyelitis were 
found This repiesents one patient with acute hematogenous osteomyelitis in 
ever}'^ 3>592 patients In the previous series fiom the same institution, the 
incidence was one case m 3,490 patients admitted 

Negro children have the disease 1 datively less frequently than white chil- 
dren Fifty-one (77 3 pei cent) of the 66 cases in this second series were 
white patients and in the same period, approximately 55 per cent of the total 
admissions were white patients A similar variation m the incidence of osteo- 
myelitis m Negro and white patients was repoited m the previous series ^ A 
possible cause for this difference is the gi eater susceptibility of the white lace 
to skin infection and thus staphylococcal infections m general This is a 
casual obseivation for which we have no conclusive proof Boils, fiequently 
seen in white patients, are relatively rare m the Negro race Fourteen (21 4 
per cent) of the 66 patients in this group gave a history of boils either imme- 
diately before or concomitant with the onset of acute hematogenous osteo- 
myelitis All of these 14 patients weie white patients 

The more frequent occurience of the disease in the male is again shown 
m this study Forty-four of the patients were males and 22 were females 
The explanation for this greatei susceptibility m boys has repeatedly been 
stated to be the trauma factor Possibly, also, theie is vaiiable incidence of 
deimal infection in the two sexes 

Trauma was mentioned as a casual factor 111 the recoids of 24 cases (36 4 
per cent), probably too high a figure to be merely a coincidence The disease 
with Its prolonged moibidity is so severe, that it would not seem incorrect to 
recommend partial inactivity for children with furunculosis, if only to avoid 
such a serious even though unlikely complication as osteomyelitis 

Acute hematogenous osteomyelitis is predominantly a disease of growing 
years The mean-age in this series, as m the previous one, was nine years 
True hematogenous osteomyelitis is very rare in adult life, and apparently 
runs a shorter, milder course The mean-age for the patients who died was 
seven years, a slight shift under the mean-age of all patients, which possibly 
indicates a higher mortality among } ounger children, but primary acute hema- 
togenous osteomyelitis is sei lous at any age 

Symptomatology and Clinical Coiase — No attempt will be made to dis- 
cuss fully the symptomatology or clinical variations of the disease, but a 
few important features of symptomatology, impressed upon us by our findings 
in this study, aie herein noted The statement that acute hematogenous osteo- 
myelitis IS not always easy to diagnose may be surprising, but it is accurate 
The onset of the disease is usually sudden but it may not be fulminating 
Sometimes a period of malaise, with mild pain in the region of a joint, may 
precede giaver manifestations of the real trouble It is very likely that in 
these instances parents do not realize how sick their inactive child is Tem- 
peratures in many instances are not taken and recorded The fact that patients 
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may later develop most intense signs of septicemia, aftei the initial symptoms 
weie mild pain, a limp, and low grade fever, would seem to indicate that the 
septicemia in these cases oiiginates slowly from the secondaiy focus of infec- 
tion in the bone and not as a manifestation of a probable haphazard and 
spoiadic bacteremia fiom an original infection such as a furuncle The tem- 
perature rises giadually or abiuptly, usually to 102° to 104° F A chill is 
not uncommon but it does not occur as a hist symptom In three instances 
111 the 66 cases convulsions weie recorded They aie the result of fever in 
young childien 

The local symptom, initially, is pain and pain alone At the onset pain 
may be mild but as the disease progresses it may appear to be excruciating, pai - 
ticularly in young childien It is geneially in the legion of the joint The 
patient lesents anj'' movement of the involved extiemity The pain is usually 
well localized but it may he diffuse and pooily localized, causing great con- 
fusion as to the exact site of the disease, particularlj'^ when it involves the 
uppei end of the femur or the ilium Pain may involve the whole thigh when 
the disease is in the region of the hip joint, and because movement of the knee 
results in severe pain, localization of the disease may erroneously be judged 
to be low m the femui In these instances palpation of the thigh at any ai ea 
may result in excruciating pain This is undoubtedly due to radiation of the 
pain fiom the legion of the hip as frequently occurs when lesions are localized 
there The exact location of acute hematogenous osteomyelitis m the legion 
of the shoulder joint may likewise be confusing These aie very significant 
facts because m the eaily stages of the disease, the only points on which to 
make a diagnosis of acute hematogenous osteomyelitis are the pain and high 
fever subjectively, and the tenderness objectively Swelling, ledness, heat and 
induration of soft tissues may make their appeal ance as the disease progresses 
Roentgenogi ams, as will be seen latei, aie not helpful 

Eveiy eaily featuie of acute hematogenous osteomyelitis may be piesent 
and the disease subside without the bone evei showing changes In such a 
case the bone might be dulled since the usual indications foi the diagnosis at 
that stage aie fulfilled Too much haste in such an instance may convert a 
subsiding periostitis into a prolonged osteomyelitis We have obseived three 
such cases The tempeiatuie chait of one is shown in Chait i 

Rapid pulse and othei signs of sepsis may be expected including stupoi, 
irrational states, and coma m more seveiel)'^ ill patients Occasionally an- 
other bone, another oigan, 01 the subcutaneous tissues may be the seat of 
metastatic lesions In one patient in this senes an eye was lost because of 
metastatic abscess and in anothei instance a seveie acute subcutaneous in- 
fection in the region of the buttocks occuired Pneumonia, empyema, peri- 
carditis, and pathologic fiactuie, are also complications obseived in this group 
of cases 

Roentgenologic Evidence — In studying these cases in detail and also 
in the previous group, it was found that there was no uniformity in appear- 
ance of positive evidence of acute hematogenous osteoinj^ehtis in roentgeno- 
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grams Roentgenogiams weie negative duimg the fiist week of the disease 
in all cases except three In one instance the i oentgenograms showed 
osteopoiosis after the disease had been piesent for foui days only In 
two more cases osteopoiosis was present on the fifth day of the disease 
In many cases i oentgenogi ams lemained negative as long as 8, 9, 10, 
and even 14 days, to become positive latei Usually there is appearance of 
some evidence of the disease 111 the bone on roentgenogiams taken between 
the eighth and tenth day of the disease The first significant sign is usually 
a slight osteopoiosis m a small circumscribed 01 diffuse area (Fig 1), and/or 


8th d-iy of disease 8th month after onset 



Fig 1 — Roentgenograms taken on the eighth day of the disease and 
eight months after onset The earliest sign of the disease is slight osteoporo 
sis as indicated by the arrow Drainage onl> of an abscess was undertaken 
This child, age lo ran a very severe course The osteomyelitis, as indicated 
bj the subsequent roentgenogiams, spread through osseous tissue, without 
elevating the periosteum Recovery 

evidence of elevation of the periosteum The roentgenograms, of course, 
serve as valuable evidences of the progiess of the disease — its dissemination 
thiough the lione, the appearance of sequestra, and finally the marks of 
healing, the reappeaiance of calcium density, and sclerosis, with disappear- 
ance of osteopoiotic aieas (Fig 2) Evidences m the roentgenograms indi- 
cate that the osseous spiead of the disease is very rapid Though the first 
roentgenograms taken may show a very small area of osteopoiosis, those 
taken on the eighteenth and twenty-first days of the disease usually show 
the full spread of the disease Roentgenogi aphic evidence may larely indi- 
cate a continued spiead of the disease for several weeks after that The 
full extent of involvement is probably usually present early on the eighth 
day, even when only a small area is noted roentgenogi aphically The funda- 
mental changes have taken place and decalcification continues for days there- 
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Fig 2 — Roentgenograms and final healed result in a case in trhich osteotomy tv as performed 
on the fifth daj of the disease There at as a marked eleaation of the periosteum in contrast to the 
appearance shown in Figure i but no sequestrum formed a sinus resulted necessitating a subse 
qiient osteotom> a > ear and one half after onset The diffuse recalcification is a good example of hoav 
healing appears after the disease has subsided 
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aftei, manifesting roentgenogi aphically the full area involved between the end 
of the second and third week No definite evidence of demarcation of the 
sequestra can be found in the roentgenogi ams befoie the fourth week of the 
disease Sometimes evidence of a sequestium is not piesent m the roentgeno- 
gram until the second or thud month of the disease In some instances evi- 
dences of sequestra nevei become apparent loentgenograplncally 

Further evidence of a suipiising natuie is found m the roentgenograms 
Even though the disease may be clinically very seveie, the aiea of osteo- 
porosis may be relatively lestncted (Fig 3) A compaiison of roentgeno- 


I month after onset 7 months later 



Fig 3 — Roentgenographic appearance of the process one month after onset and 
eight months after onset On admission, the temperature was io4°F , and the child w is 
\ery sick No drainage and no operation uas undertaken In spite of this there was a 
minimum spreading of the disease and recovery took place in eight months This is one 
pi oof that factors determining the extent of spread are not influenced bj surgical inter 
vention It is not proof that surgical intervention should not be emplo>ed 

grams and the time of opeiative intervention upon the bone shows there is 
no strict relationship between the opeiation and the extent of spread of the 
disease in the bone In a case where an operation is not pei formed or is 
withheld for days after the onset of the disease, the disease may remain 
localized to a small area m the bone On the othei hand, the disease may 
spread widely thioughout the bone even though i oentgenographic evidence 
was negative at the time an osteotomy was perfoimed (Figs 2 and 4) The 
spread of the disease in the bone is piobably determined by the extent of 
vascular involvement, the letiogiade thrombosis, and the balance of bone 
immunity to infection viiulence and not to pressure These facts contend 
severely with the usual impiession that the spiead of the disease may be 
countered by an early opeiative proceduie They do not, however, prove 
that an early opeiative pioceduie is not of value and is not indicated 

LocahzaUoii oj the Disease — single bone was involved in 57 cases 
Multiple bones were involved in nine, or 13 8 per cent of the 66 cases (Fig 6) 
The incidence remains suiprisingly high, and coincides with the percentage 
of multiple bones involved in senes reported by other authors (Wilensky^) 
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A total of 76 bones involved were found m the 66 patients, in seven, two 
bones were involved, and, m two, thiee bones were involved The time or 
occurrence of the metastatic lesion is usually early within the first week of 
the disease but a secondar)'’ bone may become involved even years later 
The bones involved aie shown in Table I The disease involves most fre- 
quently the metaphyses of bones with the fastest growing epiphyses Thus, 
the lowei end of the femur, the upper end of the tibia, the upper end of 
the femur are places of piedilection for osteomyelitis Next in frequency 
the metaphyses of hones of the uppei extremity are found involved Pelvic 
hones aie not infrequently involved, hut the ribs, spine, and head, are usually 
not the seat of true, acute hematogenous osteomyelitis 


Table I 


The Results of Blood Cultures 
ACUTE hematogenous OSTEOMYELITIS 


Blood Cultures in 66 Cases 


Taken 36 

Positive 20 (one death) 


Staphylococci 18 (90%) 
Streptococci 2 


Negative 16 (44 4%) 

Staphylococcic septicemia and osteomyelitis — -18 Cases — one death — (s 5%) 
Longest continuation of positive cultures — 10 days 


Pathology and Pathogenesis — The usually accepted view of the path- 
ogenesis of acute hematogenous osteomyelitis, is the one advanced by Starr,® 
who gave as evidence for his conclusions of the pathogenesis, the necropsy 
findings m a child, age two, who died of septicemia 48 hours after the onset 
of symptoms Careful examination showed tlie infection in the hone to be 
just above the epiphyseal line, and for a comparatively small extent the 
periosteum was elevated in that region The gioss appearance showed in- 
flammation localized to this region He aigued that infection usually begin- 
ning in the end-arteries of the metaphysis spread along the epiphyseal plate 
to the subperiosteal region, where it progressed, raising the peiiosteum aiound 
the shaft of the bone Many arguments concerning theiapy aie based upon 
this conception of the pathogenesis Now, in leality, it is far fiom proved 
Careful study of the roentgenogi aphic appearance of the disease m difteient 
cases, and at different stages, does not always bear out the idea that the inflam- 
mation spreads thus There is some reason to believe that m certain instances 
the disease begins under the periosteum and spreads into the hone Roentgeno- 
graphic evidence of this is a small area of osteoporosis in the subperiosteal 
region and clinical evidence is the discovery of subpei losteal but not intra- 
medullary pus (Crossaii"’) In other instances, roentgenographic evidence 
may indicate that the disease begins in the cortex at some distance fiom the 
metaphysis, that it spreads through the hone as an osseous cellulitis with or 
without elevating the periosteum The peiiosteum does not always have to 
be elevated even when severe osteomyelitis is shown roentgenographically 
(Fig i) Brodie’s abscess may be regarded as an abortive form of acute 
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hematogenous osteomyelitis It is usually at some distance from the epiphyseal 
plate and the spread from such an initial focus in the coitex, if not aborted, 
may presumably be in both directions The rapid spread of the acute infec- 
tion with elevation of the periosteum, thrombosis of the arteiy, and sequestra- 
tion of a large segment of the shaft, is rarer, m reality, than diffuse osteop- 


I week 


r r 


>-vV 


11 

I 


6 months 


14 months 

Fig 4 — A window wns put m the hone on the eighth day of the disease A massive involucrum 
formed A sequestrectomy was. performed on two subsequent occasions The child was clinically well 
one year after onset In this instance the primarj seat of the disease was in the diaph>sis 

oiosis occuiiing 111 the shaft with a low-giade periosteal reaction and giadual 
thickening of the periosteal pait of the acutely inflamed bone, which the usual 
concept regards as neci otic 

One featuie of the pathology and pathogenesis of the disease, so far in- 
sufficiently emphasized, is that it is a vasculai disease oi an mb avasctdat one 
The most pionounced featuies of it aie due to the fact that the etiologic 
factois lesponsible foi the systemic symptoms and the changes m the bone 
aie initially m the vessels If one were to base theiapeutic indications on 
pathologic conception, instead of on caieful studies to evaluate the measures, 
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It would seem just as sound, or more so, to advocate ligation of a vein lead- 
ing from that paiticulai bone than to dull the bone with the hope of freeing 
pus or of hitting that paiticular nidus of infection which is mti avascular and 
which IS liberating oiganisms into the S3'stemic vascular system 

Sequesti ation does not always take place m acute hematogenous osteomye- 
litis At least, it cannot always be demonstrated i oentgenographically nor at 
operation (Figs i and s) In such instances the bone is diseased and m- 


1 month 


7 months 


10 months 



Fig s — Roentgenograms show the nppenrnnce of the bone one month after onset 
and seven months after onset No operation was performed There was no dram 
age The patient made an uneventful lecovcrv and was well in ten months, active 
and plajing There vs as a massive periosteal thickening surrounding the old bone 
and thus the meaning of sequestrum becomes obscure According to the usual con 
cept it IS a dead obnoxious piece of hone with the implication that it must be 
removed before recovery ensues Sequestra in hematogenous osteom>elitis are 
probabl> almost alwajs viable 


flamed, though viable What is regaided as sequesti ation itself may not be 
actual neciosis Instead of sequestration being the lesult of elevation of 
the peiiosteum and cutting off the blood supply by giadual pressure increase 
due to pus, it may, theoi etically, be the i esult of sudden thrombosis of an 
aitery leading to a paiticulai segment of the bone- Sequesti ation, when it 
occuis, IS usually a localized, lather small piocess, and, fortunately, does not 
often involve the whole shaft oi a laige length of the shaft of any bone 

In its chronic stage, osteomyelitis cannot always definitely be attributed 
to a sequestrum keeping up the infection The recurrence of the infection 
in a bone, after it is once healed, may manifest itself as a reddish, tender in- 
flamed aiea in the skin Roentgenograms taken at this time sometimes show 
an osteoporotic aiea suiiounding a firmly calcified sequesti um It is just 
as common to find a diffused, thickened, ebonated bone showing no definite 
location of the infection m the bone itself In these instances even exploration, 
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with osteotomy, may not show a definite sequestium It is conceivable that 
a reduction in the circulating staphylococcal-immune bodies may permit 
a dormant group of oiganisms to blossom again into an infection which is 
in viable bone and is not associated with necrotic bone 

Ciessman and Blalock® have shown, experimentally, that sequestra may 
be absorbed oi revitalized in situ The question now aiises as to whethei 
the apparent sequesti um is m reality 
ever completely dead bone What is 
a sequestrum becomes a veiy impor- 
tant question Ceitamly, under our 
old concept of the pathogenesis and 
the indications foi tieatment. it was 
regarded as something very ob- 
noxious, which must be gotten iid 
of before the patient is well These 
facts and clinical cases, heiem le- 
ported, showing healing of osteomye- 
litis without evei having diainage, 
raise a doubt as to whethei that con- 
ception IS accuiate 

Blood Cultnies — The signifi- 
cance of blood cultuies m acute 
hematogenous osteomyelitis is not 
clearly established Baker and 
Shands'^ found that 70 pei cent of 
patients with acute hematogenous 
osteomyelitis, with pi oven staphylo- 
coccus septicemia, died and, with 
this as a basis, urged the efficac}'^ of 

staphylococcus antitoxin since its ^ , — n — r~ 

vise in a similai group lesulted m bones bonezs 
only 25 per cent mortality The 

, . , , Tjg 6 — Illustnting the distribution of acute 

mortality toi staphylococcus septl- hematogenous osteomjelitis in 66 cises, with a total 

of 78 hones in\olved 

cemia was not found to be so high 

in our series Blood cultuies weie taken and were reported on 36 of the 63 
cases Out of the 36, 16, 01 444 pei cent, were negative, leaving 20 cases of 
acute hematogenous osteomyelitis wuth proved septicemia One, or 5 pei cent, 
of these patients died Eighteen of the 20 positive cultures showed staphylo- 
cocci (Table I) One of these was the patient who died (55 per cent mor- 
taht}^ foi staphylococcic septicemia) Six of these 18 cases wuth staphylococ- 
cic septicemia were tieated with antitoxin, leaving 12 cases not so tieated, with 
one death (8 33 pei cent moitahty foi staphylococcic septicemia and osteomye- 
litis untreated wnth antitoxin) Unfortunately, blood cultuies were not re- 
quested 01 not taken in thiee othei fatal cases and in 27 othei survivors 
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In studying these cases it is apparent that repeatedly positive cultures 
do not necessarily give a bad prognosis In one case, cultures remained 
positive over a period of ten days, the highest number of colonies reported 
per cubic centimeter being 20 Most of the cases showing positive cultures 
had only one culture taken In this study, at least, staphylococcic septicemia 
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Fig 7 — -The living and dead patients in the first group of 112 cases, arranged according to 
the da>s after onset of the disease on which the> were operated upon and according to the days 
in the hospital before their operation was performed The mortahtA in the first 48 hours was 32 5 per 
cent The moitalitj between the third and se\entn da> of the disease was 35 per cent In spite of 
this operation itself maj not ha\e been responsible for this high nlortaht^ but f ulure to prep ire ihe 
patient properI> before operation most certainij was a big f ictor 

did not prove to be as lethal as it may have been found to be m previously 
reported series, and ceitainly not as vicious as the factor oi factors lesponsible 
for the astounding mortality in our first senes The mortality for cases 
with positive cultures in the fiist senes, 1930-1936, was 50 per cent Perhaps, 
to explain the high mortality foi acute hematogenous osteomyelitis, one will 
have to look for other causes, some of which might have been masquerading 
under the guise of a helpful measure 

Opetative Pi ocedw es — The fact that over 40 suigeons performed the 
operations upon these patients is obvious enough reason for expecting a 
variety of opinions and operative indications In the fiist group studied, 
71 4 per cent of the patients were operated upon within 48 houis, and in 90 
per cent of these the bone was opened (Fig 7) In this group of 66 cases, 
56 were operated upon The remainder had no operations, and of these 
ten, two died Single opeiation was performed on 28 patients (19 incisions 
and nine osteotomies) Mutiple operations weie perfoimed upon 26 patients 
(72 operations) (Table II) 
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Table II 

ACUTE HEMATOGENOUS OSTEOMYELITIS 
66 Cases — Operations Performed 
Single Operations — 28 Cases 
Multiple Operations — 26 Cases (72 Operations) 

Deaths 

Operations within 48 hours — 24 (osteotomy 18) i 

Operations after 48 hours — 32 i 

No Operations — 10 2 

Twenty-fotii , or 36 per cent, were opeiated upon within 48 houis of ad- 
mission (71 4 per cent in the first group) One of these, 01 4 2 pei cent, died 
Eighteen, 01 75 pei cent, of this group of 24 cases had the bone opened at the 
fiist operation 

Twelve cases had no operations on fiist admission, two died Thiee were 
aspiiated, only one was subsequently incised, one had a subsequent opera- 
tion upon the bone, with saucenzation , ten, including the two deaths, weie 
not opeiated upon 

Eaily opeiation upon the bone did not always lesult 111 prompt subsidence 
of systemic signs of sepsis (Chart 2), noi, as has been stated in discussing 
1 oentgenographic featuies, m limiting the spread of the disease m the bone 
The systemic leaction m acute hematogenous osteomyelitis is usually pro- 
longed, with 01 without drainage (Chart 3), but may subside piomptly 
(Chait 4) even though the bone shows definite roentgenographic changes 

Wound Cultiii e — Cultuies weie leported from the wound in 46 of the 
66 patients Foity-one of these were leported as positive The oiganisms 
found were Staphylococcus — 39, streptococcus — 3 (one 111 mixed culture), 
and Escheuclua cob — one (m mixed cultuie with staphylococcus) 

Usually when blood cultures were taken the contaminant in the wound 
cultures was found to coincide with that 111 the blood stieam No particular 
therapeutic significance can be found in the wound cultures if blood cultures 
are available and reported positive In the absence of positive blood cultures, 
however, cultures fiom the wound may be very significant in directing the 
type of therapy 

Moitahty — In the entire senes of 178 cases, 31 patients died, a mortality 
of 174 pel cent More interesting is the comparative moitahty for the cases 
111 the fiist group (from 1930 to 1936, inclusive) and that for the second 
senes of 66 cases, from 1937 to 1940, inclusive In the latter group the 
mortality was 6 6 per cent (foui deaths in 66 cases), in contrast to the 
astounding mortality of 24 pei cent foi the previous group studied 
(1930-1936) 

In the fiist gioup, 107 of the 112 cases weie operated upon In 77 
patients the opeiation was performed within 48 hours after admission In 
the group opeiated upon within 48 hours the moitahty was 327 per cent 
In relationship to the duration of the disease, the mortality was also high 
when opeiation was pei formed between the third and seventh day The 
1 educed mortality, concomitant with fewer emergency operations and less 
radical operative procedures, is no indication that operation was responsible 
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for the moitality It does indicate that opeiation alone will not save patients, 
and that other nieasuies piobably deserve credit foi the improved mortality 
Pembeithy’s and Wellei’s® series of 19 cases, with no deaths, all of which 
had osteotomy pei formed soon after admission to the hospital, shows that 
early and radical operation is not only consistent with, but may be essential 
for, the lowest possible moitality On the othei hand Hoyt, Davis and Van 
Buien'’ leported that without any opeiative procedure eight patients recov- 
eied with no deaths in the senes Only one had a lesidtial diaming sinus 


RESULTS 

Attempts w^eie made to estimate the final lesults Infoimation was gath- 
ered on 42 of the 66 patients m the lecent senes Only 18 out of the entiie 
gioup weie peisonally obseived and examined dining the summei of 1941 


The lemaimng estimate of the 
final lesults up to that time was 
obtained fiom lettei 01 fiom the 
Out-Patient Clinic chaits Eleven 
cases are leported by lettei A 
summaiy of the lesults, dunng 
the summei of 1941, is as follows 
Actually healed — 20 out of 66 
cases (Fig 8) The average time 
requii ed foi the patient to be well 
in these 20 cases was 17 months 
In an attempt to disclose the 
methods of value 111 the healed 


Acuta Hcma-toqenous Osfeomyfflvtis fiScases 1956-1940 
Summary of Therapy 20 Healed Patients 



Fig 8 — Oraph showing results of follow' up stud\ 
Only one p itient m the no operation group was defi 
nitelv followed From 1 itest information, at least three 
aie belieaed to be well 


cases, and to elucidate the compaiative value of measures used, 20 followed, 
healed cases w^eie studied for proceduies employed In 14, osteotomy had been 
performed, in seven, incision and drainage only, and in one, no operation 
had been undertaken In 31 cases in which the bone was opened, 14 
(45 per cent) weie well Of 25 patients upon whom opeiation included 
incision only, seven (28 per cent) weie well, and of ten patients who had no 
operations, two (20 per cent) w'ere well Though these figures are sug- 
gestive that osteotomy offeis a shoitei morbidity, they should not be accepted 
as conclusive The time factor is not computed, and the coiiseivative pro- 
cedures have been used m a highei peicentage of more lecent cases Only 
one case tieated wnthout opeiation could be traced At least three were 
piesumably well 

Plastei encasements, wmin by 34 patients, about wdiom information could 
be obtained regaidmg the length of their use, showed that the average length 
of time an encasement lemained on was ii months This only includes pa- 
tients wdio aie not still w^eaimg plaster encasements The length of time drain- 
age continued in healed and unhealed cases w^as computed from informa- 
tion obtained on 35 cases This was found to be an average of 19 months 
and foul days 
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Chemotherapy and Antito.\m — Sulfatbiazole was admimsteied m 13 cases 
In eight of these the blood culture was positive for staph)dococci , of the 
remaining five cases the wound culture showed staphylococci in four The 
wound culture was not repoitcd in one case These cases represented those 
in the latter pait of the senes, when the efficacy of the use of sulfatbiazole 
for staphylococcic infections was moie firmly established One of the patients 
to whom sulfatbiazole was given died This patient was admitted two weeks 
aftei the onset of the disease, m an extiemely ciitical condition 

The administration of sulfatbiazole is not to be accepted as a “cure all ” 
Even though the level may be above 7 mg %, the blood cultuie may be posi- 
tive (Case 49, Avhich died) Blood cultuies may remain positive ovei long 
peiiods of time, even though sulfatbiazole is being administered (Case 69) 
The culture was still positive aftei ten days, though both sulfatbiazole and 
staphylococcic antitoxin had been administeied The highest blood sulfathia- 
zole level recoided m this case was 4 mg % The persistence of positive 
blood culture may be good evidence for vein ligation Sulfatbiazole ad- 
ministiation, ceitainly, does not lesult in any rapid diop m temperature, 
such as sometimes diamatically occuis aftei the drainage of an abscess in 
this disease 01 aftei immobilization in a plastei encasement Its value, how- 
ever, remains undisputed in staphylococcic infections Sulfatbiazole locally 
in the wound was not employed in any of these cases Its use thus is un- 
doubtedly rational 

AntitOMu — In six cases, staphylococcic antitoxin was employed In none 
of these instances did death 1 esult The conclusions from such a small group, 
admittedly, aie not valuable In one instance, in wduch no othei measure, 
such as drainage of an abscess, wmuld aciount foi it, the tempeiature fell 
dramatically aftei antitoxin was administered On the othei hand, the tem- 
peratuie was sustained until an abscess w'as diained m another patient, to 
whom antitoxin had been administeied m adequate amounts Out of six cases, 
in which antitoxin W'as given, five had sulfanilamide 01 sulfatbiazole, or both 

The usual method of administration of antitoxin is to check the patient 
foi sensitivity and desensitize if necessaiy Then 10,000-20,000 units of anti- 
toxin ai e given m an intravenous infusion The next day 20,000-60,000 units 
are given in an infusion The administration is lepeated m a peiiod of 12, 
24, 01 48 houis, as clinical symptoms indicate A total of 200,000-1,000,000 
units may thus be administered 

In one case, staphylococcus toxoid was administered This patient also 
leceived antitoxin at another stage of the acute process Longacre^^ has 
repoited encouraging lesults foi the administiation of staphylococcus toxoid 
to patients wuth staphylococcic infections It is rational and may prove of 
great value, paiticulaily 111 the chionic case, with an acute lecurrence 

Although no deaths occurred among the patients treated wuth seium 
theiapy, no definite conclusions should be drawn fiom its effectiveness At 
present it can be considered as a safe adjuvant therapy, with evidence ac- 
cumulating for its efficacy 
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SUMMARY OF TREATMENT 

In the study of these 178 cases of acute hematogenous osteomyelitis, obvi- 
ously, certain convictions and impiessions aie gamed as to the best method of 
treating the disease The cases weie caiefully studied m an attempt to 
evaluate the best measuies 01 combination of measures to employ Conclu- 
sions were not always possible but some impressive infoimation was ob- 
tained More attention was paid to theiapy for the disease in the acute stage, 
when It was primary and hist came to the attention of the physician or 
surgeon Less definite study has been given to the operative indications m 
the late or chionic stages of the disease 

The following aie fundamental measuies of great value m the therapy 

(1) Hydiation and Electiolyte Replacement — The basis of all treatment 
for acute hematogenous osteomyelitis must be an attempt to keep the body 
111 physiologic balance These patients aie very sick, and are usually de- 
hydrated They lose fluids hy vomiting and excessive perspiration as well 
as thiough other channels These fluids must be leplaced On admission, 
after the piehmmary check, an infusion of dextrose, 5 pei cent, m normal 
salt solution, should he started The administi ation of fluids and electrolytes 
should be guided by physiologic principles, depending on the age and size of 
the patient 

(2) Protein Replacements — Extiemely sick patients do not have an 
adequate protein intake, increased metabolism results in destiuction of 
tissues, hemolytic organisms destioy blood cells, and severe anemia may ad- 
vance lapidly The leplacement of blood cells and proteins in acute hema- 
togenous osteomyelitis by repeated transfusions is the second fundamental 
for all theiapy Transfer of immune bodies into the lecipient occurs In 
this study, many moie tiansfusions weie administered m the second series 
of cases than in the fiist Transfusion should be lepeated daily, every other 
day, or every third day, depending on the seventy of the infection and the 
condition of the blood Tiansfusions may be small (100-200 cc ) or they 
may be large (500 cc or moie), depending on the age and size of the patient 
The frequency and quantity of transfusion must be detei mined in the in- 
dividual case, but it is absolutely essential to be constantly thinking of trans- 
fusion as a basic necessity in the disease In this way, as the requirement 
foi it arises, it will not easily be ovei looked 

(3) Cheniotheiapy — Chemotheiapy has had ample pi oof of its value 
In the absence of a postive culture, since most hematogenous osteomyelitis 
is due to staphylococci, it is reasonable to start the administration of sulfa- 
thiazole Immediate cultures should be taken to veiify the rationality of 
the type of chemotherapy employed If sti eptococcus is the proved organism 
in blood cultui e, sulfanilamide may replace the administration of sulfathiazole 
Sulfathiazole should be administeied to childien in daily doses of o 2 Gm 
per Kg body-weight (up to 20 Kg ) Admmisti ation may, of necessity, be 
by intiavenous infusion, in a 5 pei cent solution, giving 006 Gm for each 
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Kg body-weight in 24 hours During the administration of chemotherap} 
it IS essential to watch the daily blood count and to watch the level of the 
di ug in the blood sti earn 

(4) Immunotherapy — Two lecent advances, which may prove of gieat 
help, m the tieatment of acute hematogenous osteomyelitis are staphylococcus 
antitoxin and staphylococcus toxoid Veiy convincing expenmental evidence 
has been advanced for the employment of antitoxin Baker and Shands,^' 



Chart 2 — The temperature chart of a child age four years 
>\ho had an osteotomy performed 60 hours after the onset of the dis 
ease There uas no decided drop in the temperature nor suhsi 
dence of the systemic evidence of sepsis The febrile course of 
acute hematogenous osteomyelitis may be prolonged y\ith or y\ith 
out opeiation 

and others, have repoited encoui aging results clinically Tlie only dis- 
advantage which might be an objection foi its use is leactions These are 
not common A reaction was encountered once in this study of the six 
cases in which antitoxin was employed 

( 5 ) Operation — At the present time, one of the most controversial of 
all measuies foi acute hematogenous osteomyelitis, in the primary state, is 
the status of the value of operation Our studies show that, in the first series, 
operation apparently did more harm than good Certainly, one would not 
expect a greater mortality rate than 24 per cent if operation had been with- 
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held Again, withholding operation, suipnsingly, does not result in an ex- 
tremely high moitahty It would seem that the i educed incident of opera- 
tion, m the second senes, had a great deal to do with the impioved mortality 
statistics On the othei hand, of foui deaths which occuried, operation was 
entirely withheld in two , in one even though the case was seen on the second 
day of the disease, and of the two remaining deaths, operation consisted merely 
in draining the abscess Of the ten cases in the group in which no operation 



Chart 3A 

Charts 3 and 3 A — The temperature chart of a child age 12 
•NS ho as as admitted on the fourth daj of the disease Incision and 
drainage of a soft tissue abscess resulted in slight abatement of 
fever The subsequent application of a plaster encasement re 
suited in further improvement Ihe febrile course was prolonged 
The patient was v\ell in eight months 

was peifoimed, death occuiied in two Ceitainly, these facts would make 
one wonder whether opening the bone in these cases would not have pro- 
duced a moie desired effect Because of the numerous factois which come 
into the study of the impioved mortality, it is difficult to evaluate clearly 
the changes which have gone on in the use or restraint of one theiapeutic 
measure such as operation We do not wish to draw any inflexible or iron- 
bound conclusion regarding opeiation, but believe that adequate drainage, 
whether by incision of soft tissues only, or by osteotomy, is indicated after 
the disease had endured long enough for pus to be expected (at least several 
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days) Disiegaid of this lule may lesult in serious mistakes by converting a 
case which is not osteomyelitis into one which is Preparation enduring, at 
least, houis is essential before every operation Operation is nevei so uigent 
that this principle should be neglected Emergency operation, in the sense 
that a patient should be immediately taken to the operating i oom after admis- 
sion and the bone di died, can les a prohibitive mortality Operation, whether 
incision 01 osteotomy, should insuie adequate continued drainage, pieferably 
by packing with vaselmed gauze Vein ligation is indicated in cases with 
pel sistent positive blood cultui es 

(6) Immobilization — One of the most dramatic of all theiapeutic meas- 
uies IS immobilization of an affected extiemity In a number of recoids 
where we have caiefully checked the temperatuie charts, we found that the 
fevei would be sustained in spite of opeiation, administration of chemotheiapy 
and othei measuies, but, immediately, when the patient was put in a plaster 
encasement, without any othei factor apparently being responsible, the tem- 
peiatuie would decline shaiply (Charts 3 A and 4) Encasements were ap- 
plied in the acute phase in the majority of these 66 cases Nevei, as far as 
could be seen 111 studying the lecoid, did the application of an encasement 
result unfavoiably This is one measuie which always should be employed 
It may be viewed with skepticism, but to any one who has had experience 
in absolute immobilization in acute hematogenous osteomyelitis, its value 
would not be questioned Immobilization may be by an encasement or trac- 
tion to affect the involved extiemity 

(7) Late Opeiation — Sequestra sometimes appeal m the 1 oentgenograms 
duiing the fourth week Appaiently, the lemoval of sequestia 01 infected 
bone may lesult in a more lapid healing than occurs if the patient is left 
indefinitely alone The indications foi secondaiy opeiations 01 opeiations 
in the third stage of the disease aie the appeal ance of a definite sequestium 
in the loentgenogiam, only with, however, a continuation of the drainage 
and inflammatory leaction Anothei indication foi inteivention would be 
the continual drainage of a sinus in spite of no definite roentenogi aphic evi- 
dence of a sequestrum 

Unfortunately, we saw no evidence in this study that the morbidity of the 
disease is decreasing Cases mentioned heie have been lepeatedly admitted 
to the hospital eight 01 ten times ovei a peiiod of a few yeais One had as 
many as six bone opeiations, and the disease was still active This is nothing 
new in the moibidity of the disease It is well known but not as well 
acknowledged Possibly the developments in immunothei apy and chemo- 
theiapy combined with opeiative pioceduies will solve the prolonged dis- 
ability in many of these cases 

SUMMARY AND CONCLUSIONS 

The details of the study of 66 cases of primary acute hematogenous 
osteomyelitis admitted to Charity Hospital, New Orleans, between 1937 and 
1940, inclusive, aie given, and aie compaied with a pievious study of 112 
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Chart 4 — Temperature chart of a child, age two months, with osteomjelitis of the upper end of the femur The application 
of a spica and the administration of sulfathiazole resulted in prompt arrest of the disease although osseous iiuoUenient was 
proved roentgenologicallj No operation was performed 
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cases occuinng at the same institution fiom 1930 to 1936, inclusive In the 
present gioup of 66 cases, the mortality was 6 6 pei cent, m shaip contrast 
to a moitahty of 24 per cent foi the previous gioup Effoits weie made to 
disclose the variations 111 the methods of management which wei e 1 esponsible 
for the gieat improvement in the mortality 

Among the most important features responsible for the highei moitahty 
weie Unjustified emeigency operation before the patient had been piopeily 
piepaied, and failuie to reestablish noimal physiology by fluid and electiolyte 
replacement and blood tiaiisfiisions before opeiations weie undertaken In 
addition to these factors, new chemothei apeutic ineasuies and immunothei apy 
have undoubtedly added additional favoiable influence m the theiapy of the 
disease Our study shows, 111 compaiing the two groups of cases, that opeia- 
tion Itself pel formed after preparation is not a deleterious factoi, and that 
opening the bone aftei essential piepaiation is no moie haimful than incision 
and drainage 

Evacuation of pus, whether it be by simple incision 01 by osteotomy, 
would seem to be a favorable measuie m the management of the disease 
Osteotomy appaiently does not influence the extent of bone involvement 
An additional measure of extreme impoitance, fiom the opeiative viewpoint, 
IS vein ligation m cases that have a continuous positive blood ciiltui e Immo- 
bilization 111 a plaster encasement is a measui e of gi eat value and of fai gi eatei 
importance than is usually realized It deseives widei application 
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Discussion — Dr Mims Gage (New Oilcans, La) I have enjoyed 
Doctoi Mahorner’s papei veiy much and think it quite timely, due to oui 
activity m the present emergency However, ti aumatic wounds, with f 1 acture, 
lesultmg in osteomyelitis, diflfer etiologically fiom the juvenile type, but the 
principles of treatment are quite similar 

I have been interested m acute hematogenous osteomyelitis foi many 
yeais, and m teaching students have varied somewhat fiom the accepted 
classification of the disease In the past, as well as at present, the majoiity 
of surgeons class osteomyelitis as a single diseased state of the osseous system 
and have treated all cases as such I believe that this has been mainly re- 
sponsible foi the piesent and widespiead misundei standing of the disease 
and. 111 a way, responsible for the high moitahty Theie has been very little 
effort made to distinguish, both clinically and by laboiatoiy methods, the 
differences that exist in the various tj^pes of acute osteomyelitis 

We have many types of osteomyelitis, namely (i) Acute osteomyelitis, 
with pionounced systemic manifestations due to toxemia and bacteiemia (local 
reaction is not a part of the clinical picture) , (2) profound systemic leaction 
(overwhelming toxemia without bacteremia), with minimal 01 absent local 
manifestations, (3) acute osteomyelitis, with quite severe local manifesta- 
tions, with moderate systemic toxemia without bacteremia, (4) moderate to 
severe local manifestations, with mild sj'stemic reactions, (5) minimal local 
and systemic reactions (Biodie’s abscess), (6) minoi local leactions, with 
benign systemic reactions (Gaiie’s sclerosing type), and (7) the chronic 
form In the past, and at piesent, these various groups aie classed as acute 
osteomyelitis (except probably No 6), and treated as such One school ad- 
vocates immediate operation , anothei , consei vatn e ti eatment foi a few days 
followed by opeiation, and the thud school nonopeiative intei \ention, rely- 
ing on the “sulfa-cui e-all” drugs (sulfonamide gioup) I am convinced that 
the above conception (one disease) and the treatment advocated aie, to a 
great extent, responsible foi the appalling moi tality 

As the Staphylococcus ouieiis is lesponsible foi the greater number of 
cases (83 per cent), I think we should have some definite knowledge legard- 
ing the types and toxins produced by this formidable pyogenic organism 
Spink"*^ has isolated over 60 strains of staphylococci fiom patients, fiom both 
lesions and blood stream We ceitainly should have some idea with regaid 
to the various toxins hbeiated by the growth of the stajdiylococcus The out- 
line of Spink IS quite interesting, and gives us a bettei insight into both the 
local pathology and the systemic reactions of acute staphylococcus oste- 
omyelitis 

Spink names the following toxins Hemolysis, dermonecrotoxin, lethal 
toxin, leucocidin, coagulase, fibrmolysm, enterotoxm, and the spreading 
factor of Duran-Reynolds 

The lethal toxin factor is of great importance because it can produce 
death within 1 5 to 34 hours The other toxins ai e responsible for the vai la- 
tion in both the local pathology and the systemic reactions Therefore, as 
stated previously, one cannot treat acute osteomyelitis as a single pathologic 

* Spink, W W The Pathogenesis and Treatment of Staphylococcal Infections 
Internat Clinics, 4, 236, 1941 
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process with one i eactioii It must be evaluated from the outline given above, 
je, the seven diffeient clinical foims The tieatment should be based upon 
a thoiough knowledge of both the local and systemic leactions In those 
of piofound toxemia and bacteiemia, or m those with profound toxemia 
without bacteiemia, and in those with moderate toxemia with bacteremia, 
immediate neutiahzation of the toxemia and suppiession of bacteremia must 
be accomplished In those ckses that respond to neutralization of the toxemia 
but the bacteiemia persists, methods must be instituted to delete the bac- 
teiemia Theiefoie, in these cases staphylococcic antitoxin, in laige doses 
combined with sulfathiazole and immobilization, should be given imme- 
diately, with immobilization of the involved limb If the toxemia subsides 
and bacteiemia peisists, ligation of the common femoral vein of the lowei 
extiemity and axillary vein of the upper extremity is done, and sulfathiazole 
medication is continued 

Eaily opeiation is definitely conti aindicated in the above type of case 
Sustaining theiapy must also be given Infusions to maintain water balance 
and tiansfusions of whole blood and plasma, to leplace and supplement 
coipusculai and piotein loss, are given Types 3, 4, and 5 should receive 
chemothei apy , sustaining theiapy, early opeiation and immobilization Plaster 
encasements foi immobilization can be used safely in these cases Types 6 
and 7 aie tieated as elective cases Theie is no definite indication foi 
emeigency tieatment 111 the latter two types I believe Butler’s* report is 
of gieat significance as legards the suigical treatment 111 the acute phase 
He lepoited 123 cases with bacteiemia (positive blood cultuies), with a 
moitality of 52 pei cent, wheieas m 122 cases without bacteiemia (negative 
blood cultuie) the mortality was only 2 pei cent These mortalities repre- 
sent those cases in which eaily opeiation was undei taken I think we should 
pondei at gieat length on these figures They demonstrate in a definite 
manner that which I have tiled to point out 111 my discussion 

It IS evident that we must have a thoiough knowledge of all the factois 
involved, etiology, type of oiganism, type of toxin liberated, the systemic 
effect of the toxin on the oigamsm, the local pathologic process, and its mode 
of extension, and the surgical principles involved, before we can intelligently 
tieat cases of acute osteomyelitis and 1 educe the piesent high nioitalit}^ and 
moi bidity 

I wish to condemn the extensive habit and piactice of “selling-short” sound, 
suigical pimciples, based upon pathologic physiology, for a limited supply 
of the “sulfa-cui e-all” gioup of diugs, foi indisci inimate application and use 

Dr Joseph E J King (New York, NY) I should like to ask Doctor 
Mahornei two questions Fust, has the use of sulfathiazole helped in the pre- 
vention of massive desti uction of the skull in cases of osteomyelitis , and 
second, has it been of any value in the tieatment of osteoni3'^ehtis of the 
veitebiae^ We have had a numbei of cases in which massive resection of 
the skull has been done m the past, befoi e the day of chemotherapy In these 
cases, legal dless of the type of infection in the accessory nasal sinuses, the 
infection in the skull is usually due to Staphylococcus auieus In view of 
the fact that Doctor Mahoinei’s cases have been so successfully tieated with 
the use of the sulfonamide diugs, it is possible that the massive resections 
of the skull foimeily undertaken ma^' be eliminated 

* Butler, E C The Treatment, Complications and Late Results of Acute Hema- 
togenous Osteomeylitis Based on a Study of 500 Cases Admitted to the London Hos- 
pital, Duiing the Yeais 1919-1937 Brit Jour Surg , 28 , 261, 1940-1941 
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Dr L D Baker (Duiham, N C ) I want to thank Doctoi Venable 
foi his lemaiks in legaid to the woik at Duke Hospital on staph3dococcic 
infection, and foi inviting me to discuss this papei 

The theiapy Doctor Mahorner has outlined is essentially the same as 
we try to cany out at Duke Hospital Theie is no disease which requires 
moie acute smgical judgment oi which has a widei lange of severity than 
hematogenous osteomyelitis In analyzing end-result studies, the cases should 
be giouped undei several headings if the conclusions are to be of value 
In conducting our studies we have classified hemolytic Staphylococcus am cits 
osteomyelitis undei foui headings (i) Localized osteomyelitis without blood 
stieam infections, (2) localized osteomyelitis with transitory bacteiemia) , 

(3) osteomyelitis with metastases and bacteremia but without toxemia, and 

(4) osteomyelitis with bacteiemia and toxemia It is the latter gioup that 
aie, as a rule, so severely ill, and m outlining then theiapy one must keep 
in mind the foui actions of staphylococcus toxins, namely, (a) the hemolysis 
of led blood cells, (b) the destiuction of young leukocytes, (c) the coagula- 
tion of plasma, and (d) the neciosis of tissue 

If a patient is unable to manufactuie sufficient amounts of antitoxin, we 
feel that commeicial antitoxin, as piepaied by the Ledeile Lahoi atones, is 
of inestimable value in eithei neutiahzmg 01 counteracting the actions of 
the staphylococcus toxins When toxemia is present the patient is having 
his natuial defenses destioyed, in that tiie polymorphonuclear cells are pie- 
vented fiom leaching matin ity In addition theie is a hemolysis of the red 
cells , a coagulation of the blood plasma, resulting m thrombosis of the vessels 
about the ai ea of infection , and a neci osis of tissues Occasionally a patient 
is capable of neutiahzmg the hemolyzing toxin and the leukocyte-destroying 
toxin, but at the same time he may be sensitive to the breakdown pioducts 
of his own tissues Like Doctoi Mahornei, we believe that after piopei 
preoperative steps have been taken, incision and diainage is indicated m the 
majoiity of cases In addition to geneial suppoitive measuies the use of 
staphylococcic antitoxin when indicated, suigeiy at the piopei tune, and as 
It appeals that sulfathiazole is of benefit in this type of infection, its use is 
indicated as an adjunct in the theiapy The same cannot be said of sulfa- 
nilamide and sulfapyiidine , in fact, in oui hands, because of the toxic action 
on the vasculai system of the two last-named diugs, we think they are con- 
tiaindicated in the piesence of a hemolytic Staphylococcus auieus infection 

Dr Howard Mahorner (New Oilcans, La, closing) If there is any 
one thing this soit of study shows, it is that the old doctiine, that the one 
impoitant measuie in tieatment is opeiation, is a fallacy The first slide (Fig 
7) with the tieinendous moitahty (24 pei cent) showed that opeiation alone 
does not save lives Tlie impi ovement we have had is not because we u ithheld 
operation, but because the patients weie hettei piepaied Patients with 
septicemia should he treated with modem jihysiochemical measures There 
IS no question about that, but thei e is some question about the time of opera- 
tion in these cases 

Hon can one piove the value of opeiation^ It is still an open question 
No one could piesent bettei figures than Penberthy and Weller, who re- 
potted 19 cases in which they perfoimed immediate operation with no mor- 
tality and lelatively low moibidity This looks as though operation were 
an impoitant factoi in theiapy, but tbe same measures with and without 
opeiation may give a veiy small diffeience in moitahty This has to be 
studied fiom eveiy angle Most important is piepaiation foi operation by 
replacement of fluids and electrolytes, blood transfusions, and chemotherapy 
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Doctoi Bakei and Doctoi Shands have shown iminunothei apy to be of 
value 111 this condition Aftei piepaiation, adequate diainage is indicated, 
and in ceitain cases vein ligation is indicated Immobilization m a plastei en- 
casement IS one of the most impoitant measures The late stage operation 
was not even consideied m this study, because it is a question of improving 
the prolonged morbidity That is going to be more difficult than i educing the 
mortality in the acute phase 

In reply to Doctor King’s question We have not had enough cases 
treated with chemothei apy to know whether we have had fewer metastatic le- 
sions The percentage of patients with multiple foci was just as high m this 
recent series 
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The removal of ceitain impoitant oigans of the body as a therapeutic 
measure comprises a large part of the surgeon’s phai macopoeia The spleen is 
one of these organs The leasons for its lemoval are not quite clear but by 
a trial and erioi practice it has been found that the removal of the spleen in 
ceitain instances lesults in the disappearance of dangeious symptoms We 
do not like to acknowledge the fact that the leasons foi the impiovement and 
cure of these conditions following splenectomy aie not understood Until the 
cause of these diseases is understood we will continue to perform splenectomy 
for certain gioups of symptoms 

The accumulation of lesults of many splenectomies has lesulted in definite 
indication foi the opeiation m certain diseases and equally definite contia- 
indications in other diseases associated with enlaigement of the spleen 

Experience has shown that splenectomy is not indicated wheie spleno- 
megaha is of septic origin oi m myelogenous leukemia, peinicious anemia, 
lymphoblastoma and polycythemia vera, syphilis and malaria On the other 
hand, there is no longer any doubt of the advisability of splenectomy in othei 
diseases These are purpura hemoi rhagica, hemolytic icteius and less suiely 
splenic anemia or Banti’s disease The results of splenectomy in the fiist two 
conditions aie almost specific with few failuies if the patient sin vives the opera- 
tion In Banti’s disease good results may be expected eaily in the disease but 
late in the disease after there is gieat hvei damage and ascites, m our own 
experience, the impiovement is only temporal y Soon partial obstiuction and 
repeated hemorihages fiom esophageal vaiices piove fatal 

In 3'^oung individuals there is difficulty m classifying many splenomegalia 
cases undei one of the above named diseases Splenectomy m such cases, if 
it can be undertaken with safety, may often be advisable It is not our inten- 
tion here to review the well known theoiies of diseases of the spleen, but to 
discuss opeiative proceduies foi i educing the moitahty in splenectomy 

First, the prepaiation of the patient and selecting the propel time for the 
operation is of gieat impoitance In the moie advanced cases liver damage 
has already occuiied and lemfoiced glucose feedings aie not to be overlooked, 
while 111 seveie anemia and paiticulaily m puipuia hemorrhagica (thrombo- 
cytopenia) tiansfusions and carefully watching foi a favorable time foi opera- 
tion will save the severe cases 

Hemorihage, both operative and postoperative, should be guarded against 
The use of an incision which gives adequate exposure and at the same time is 
anatomically placed, so that a sound abdominal wall will be assured, has made 
us feel more confident of a successful outcome The operation, which has 
been previously described,^ is as follows “The patient is tilted slightly to the 

* Read before the Southern Surgical Association, Pinehurst, N C, December 9-1 1, 
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light side The skin incision is begun in the midepigastiic line, half \\ay 
between the cnsifoim and umbilicus, and is extended lateially and down\\aid 
to just above the ciest of the ilium, which is in the line of the fibeis of the 
mteinal oblique muscles The anteiioi sheath of the lectus muscle is incised 
and the incision is earned acioss the fibeis of the external oblique fascia to 
where it becomes musculai The lectus sheath is dissected ofif its muscle 
upwaid and downward for a shoit distance and the muscle is retracted 
medially This exposes the posteiior sheath which is incised acioss from the 
hnea alba outward and downwaid and between the fibeis of the internal 
oblique The transveise muscle is cut in the same line without separating it 
fiom the internal oblique The tenth intercostal neive is letracted with the 
rectus muscle, while the eleventh nerve is cut and the twelfth is retracted 
laterally 



Fig I — Incision p-irillel to costal 
border fioni midline to just above an 
tenor superior spine 



Fig 2 — Anterior sheath of rectus and 
fascia of e\ternal oblique incised 



Fig 3 — Anterior sheath disected free of 
rectus and rectus retracted niediallj 


“The use of a gastric suction tube put m place befoie the anesthetic is 
staited, to collapse the stomach, gives greater loom, and if it is retained for 
24 to 48 houis it lessens the dangei of displacing ligatures off the gi eater 
cuivatuie of the stomach and also lesults in a smoother convalescence 

“The ligation of the splenic aiteiy may not be visible, but its pulsation will 
be felt along the upper boi dei of the pancreas when the lesser pei itoneal cavity 
is opened Caie should be taken not to teai oi include the splenic vein m the 
hgatuie Almost immediately the spleen will i educe in size, thus making 
tlie gastrosplemc vessels accessible foi severing betw een ligatures placed \\ ell 
away fiom the stomach The sepaiation of the spleen from the splenic flexure 
of the colon and uppei pole of the kidney is next done, with careful ligation 
of all stiuctuies seveied Only now' should the spleen be deluered out of the 
alxlomen After the spleen has been fieed of its attacbment to the diaphragm, 
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Tig 4 — Posterior sheath of rectus 
and peritoneum incised and continued be 
tween fibers of the internal oblique and 
across transversus muscle 




I IG 6 — Gasiro splenic omentum is dieided between liga 
tines all the was to the diajihragm Also splenocolic liguneiit 
IS diMded 



PtG 7 The spleen is then delivered out of the abdomen, the remaining pedicle dnided and 

ligated 
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the lemaining hilus structures aie clamped and then ligated Following re- 
moval of the spleen, theie is good exposuie of the diaphragm and oozing 
vessels may he clamped and tied or coagulated with the radiocauteiy Thus a 
diy bed is left and the necessity of pack- ^ , 


mg with gauze is obviated A continuous 
stitch sutures the posteiioi lectus sheath 
and the ti ansvei se and intei nal oblique 
muscles with the peiitoneum A second 
sutuie closes the anterioi rectus sheath and 



external oblique fascia A stiong abdominal 



wall 1 esults 


“The incision is unanatomic in that the 
fascia of the external oblique, as well as of 
the ti ansvei se muscle, is cut acioss its fibeis 
The injuiy to the intercostal neive leaves no 
peimanent evidence of damage, eithei to 
sensation oi muscle control ” 

A leview of a faiily laige senes of sple- 
nectomies shows a moitality of 9 to 30 pei 
cent In geneial hospitals wheie theie is a 
laige numbei of advanced cases lequiiing 
splenectomy the moitality is veiy high 
These patients aie bad iisks and a ceitain 
mortality is unavoidable On the othei 
hand, deaths not infrequently lesult fiom 
hemoiihage incident to the opeiation fioin 
the teal mg of vessels 01 the accumulation of 
blood mtia-abdommally fiom oozing of 
blood fiom the splenic bed In a senes of 
30 splenectomies with five deaths, at autopsy, 
theie weie found in thiee cases inti a-abdomi- 


Fic 8 — The postenoi sheatli of tlie 
lectus, internal oblique tiansiersus and 
peiitoneum closed in one layei 





Fig 9 — The anteiior rectus sheath 
and e\teinal oblique fascia is closed tvitli 
a second layer 


r 



nal accumulations of blood m excessive 
amounts which might have been avoided Avith 


Fig 10 — Skin incision closed 


a bettei exposuie of the diaphiagm and diiect attention to capillaiy bleeding 


REFERENCE 

^Singleton, A O Splenectomy Surg , Gvnec , and Obstet , 70, 1051-1053, June, 1940 

Discussiox — Dr J D Rives (New Orleans, La) I t\ould like to 
expiess my appieciation of Doctoi Singleton’s very inteiestmg demonstration 
of his caieful anatomic technic of splenectomy I would also like to comment 
on one pioblem upon which he did not touch, that is, the mobilization of the 
spleen in the piesence of yei} extensive and dense adhesions that cannot be 
sepal atel} divided and ligated In some instances, the peritoneal covering of 
the spleen ma}’’ he conipleteb'^ fused ith the parietal peritoneum covering the 
diaphiagm and the lateial abdominal wall I have found that undei such 
ciicumstances an attempt to separate the spleen from the parietal wall usually 
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results m deep laceration of the spleen, which is followed by violent hemor- 
rhage This hemorrhage is chiefly fiom the spleen itself rathei than from the 
adhesions I have found that under such ciicumstances if an incision is made 
through the paiietal peiitoneum anteiior to the attachment of the adhesions, 
the loose aieolar tissue underlying the parietal peritoneum provides a line of 
cleavage m a relatively avasculai plane The hand may be inserted into this 
plane and, by rapid blunt dissection, the entire spleen may be mobilized with 
great ease and a minimum of hemorrhage 

When the spleen is delivered it is covered by a double layer of peritoneum, 
that IS, both the paiietal and the visceial layeis The lemaindei of the pio- 
cedure is then carried out in the conventional manner 1 his maneuvei exposes 
the posterioi suiface of the henoienal ligament uncoveied by the peiitoneum, 
and the identification of the stiuctuies of the pedicle, including the tail of the 
pancreas, is compaiatively easv A laige raw suiface is left behind but this 
may be leadily coveied by omentum if desiied It is piobable that the greatei 
curvatuie of the stomach would become adherent if this w^eie not done but it 
IS doubtful whether oi not this w'oukl interfere seiiously with the function of 
the stomach This method is not fiequently needed, but it has saved me veiy 
seiious difficulties on two occasions 

Dr R L Sandcrs (Memphis, Tenn ) Doctoi Singleton has been a 
champion of the tiansveise incision foi many years, and it was laigely because 
of his successes that I became mteiested in this approach to the uppei abdomen 

My expel lence with the transverse incision has been confined chiefly to 
operations on the gallbladdei and ducts, perfoiated peptic ulcei, and congenital 
pyloric stenosis in infants Foi splenectomy, the tiansverse incision on the left 
has been found most satisfactory We have now applied the vai lous types of 
approach in approximately 6oo cases In our early cases, the incision was 
made acioss the hnea alba, with this technic, howevei, a few' infections de- 
veloped, follow'ed by separation of the w'ound and hernia Latei , w'e adopted 
the method suggested by Doctoi Schw'yzei, of St Paul, and this incision of 
Doctor Singleton’s, and, so far as w'e know', none of the patients has had a 
heinia The incision is admirably suited to the Ramstedt operation for pyloric 
stenosis Disrupted wounds in crying babies aie sometimes fatal in these 
cases Piactically all such deaths occur follow'ing the employment of the vei- 
tical incision When the incision is tiansveise, dying tends to diaw togethei, 
rather than separate the w'ound edges, and thus there is little danger of w'ound 
disruption 

The transverse incision is also especially advantageous in operations upon 
obese individuals beyond middle age, whose abdominal walls are composed 
chiefly of fat and thinned-out muscles and fascia As these patients geneially 
take the anesthetic pooily, respnatory effort is increased and closure of the 
vertical incision is difficult This difficulty is obviated by the use of the trans- 
verse approach 

Unquestionably, the traiisvei se incision has a definite place among surgical 
appioaches, and once the technic is mastered, its advantages are readily ap- 
preciated 
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THE USE OF ESTROGENIC SUBSTANCES IN THE PRE- AND 
POSTOPERATIVE TREATMENT OF HYPERTHYROIDISM"^ 

FURTHER OBSERVATIONS 

Ambrose H Storck, M D , and Joseph Sabatier, M D 

New Orleans, La 

FROM TUF DFP\RTMENT 01 SURGfRl SCHOOl. OF MFDICtNF, TUL^XF UMV LRSITl , XEM ORl.E\^S, , TIIF TOURO 
INHRMAU1, AND THE CHAUITF HOSPITAI Ol LOUISIANA 

During the meeting of the Southern Suigical Association, in 1940, at 
Hot Spiings, Va , one of us (A H S^) discussed the use of estiogenic 
substances in conjunction with the surgical tieatment of hypei thyroidism 
The results obseived in a small senes of cases in which this supplemental y 
medication was employed, have been leported," along with a leview of the 
lationale for the employment of this form of theiapy The piesent lepoit 
includes additional lecent obseivations which confiim the pievious findings 
Observations upon which the employment of estrogen therapy in hyper- 
thyroidism IS based include those by Sherwood and Boweis,^ and Sher- 
wood,'^"'’’ which demonstrated the basal metabolism lowei mg effect of esti ogens 
in thyi oidectomized animals lendered hypei thyioid by the feeding of thyioid 
substance , the observations b}^ Stan and Patton,^ that an inci eased sensitivity 
to thyrotropin exists 111 hypei thyi oi dism , the thyioid stimulating effect of 
thyi oti opm,*^~“^ and the diiect metabolism stimulating effect of ceitam anterior 
pituitaiy seci etions The exact mechanism of basal metabolism lowei mg 
obseived in hyperthyioidism is not agieed upon Sheiwood and Bowers,® 
and Grumbiecht and LoeseC® advanced the hypothesis that the basal metabol- 
ism loM^ering effect is mediated through an inhibitory influence excited by 
the estiogenic substances on the aiiteiioi pituitaiy Latei obseivations by 
Sherwood,®- ” however, led him to believe that the basal metabolism lowering 
effect of estiogenic substances is due to a direct hormone antagonism m the 
tissues rathei than to an influence on the thyioid gland eithei directly 01 by 
mediation thiough the pituitaiy gland In addition to any possible effect which 
letaidation of antenoi pituitaiy thyiotropic hormone secietion might have in 
1 educing thyioid activity, inhibition of the direct tissue metabolism stimulating 
effect of antenoi pituitaiy seci etions-"®® might at least jiaitially account for 
any loweimg of the metabolic late following the admimsliation of estrogenic 
substances to patients with hypei thyioidism 

Eleven cases, including five pieviously reported,^ constitute the basis for 
the pi esent 1 epoi t As conti ols, 1 1 cases of suigically ti eated hypei thyi oidism, 
which received piactically the same basic pieoperative theiapy as did the cases 
which w-eie ti eated w-ilh esti ogens, w-eie studied 

The lace, sex, and age factois in the control and estrogen ti eated gioups 
aie shown m Chait i, which also shows the incidence of lodine-fast cases in 
(he tw-o gioups A\eiag e age was consideiably gi eater m the control group 

Rc-icl before the Soutlieni Surgical Association, Pineliurst, ^C, 
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The cases which leceived estiogen theiapy piesented clinical evidence of 
gi eater toxicity (nei vousness, tremoi, appi ehension, palpitation, purposeless 
movements than did most of the cases m the control group This clinical 
impression of greater toxicity in the group selected for estrogen therapy was 
confirmed by the slightly highei aveiage basal metabolic rate on admission, 


CONTROL GROUP ESTROGEN GROUP 

Av Age 51 (Range ii to 58) Av Age 34 7 (Range 20 to S3) 



lod-in?. vv c f trt loduna w c f m 

Fast Ra.c<z Sax- Fast Race Sajc 


Chart i — Show mg age, incidence of iodine fnstness, race and sex in control and estrogen 

tre ited cases 

+47 7 per cent, as shown m Chait 2 and a Inghei aveiage pulse rate, 113 
beats per minute (Giaph 1), than in the contiol gioup, in which these values 
were +469 pei cent, and 109, lespectively Thiee cases of the estrogen 
treated gioup and four of the contiol gioup had nodulai toxic goiters The 
lemaining cases m both groups had diflfuse toxic goiteis Of the ii cases 

which received estiogen therapy, foui 

Comparative lowe.mg R in response to ^ estimated tO be Sufficiently tOXlC 

lequire two-stage operations, 
2 C) 3 % wheieas two-stage operations were 

475% mil pel formed in only thiee of the ii 

■ cases in the control gi oup In the in- 

^mi stance of cases in which multiple- 

^m stage operations were performed, only 

iStI those obseivations which were made 

piecedmg, dm mg, and immediately 
^ „ , following the first stage are included 

Control Cases Cases selected for 

estrogen therapy 111 the data pi csented Four of the II 

Chart 2 — Showing average basal metabolic estrogeil tl eated CaseS had 1 eCClVed 
rate on admission and following ‘basic*’ therapj 

in control group and group selected for estrogen lodllie elsewhei 6 for penods varvinSf 
therap\ . . , ^ o 

from four to eight months prior to 
hospital admission Of the control group, one case leceived loentgeno- 
therapy and another case received Lugol’s solution before hospital admission 
All one-stage operations consisted of subtotal thyroidectomy, and m multiple- 
stage operations, one lateral lobe or a lateral lobe and the pyramidal lobe were 
lemoved at the first operation Estrogen therapy was continued following 
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Control Cases Cases selected for 

estrogen therapy 

Chart 2 — Showing average basal metabolic 
rate on admission and following ‘basic” therapj 
in control group and group selected for estrogen 
therap\ 


hospital admission 
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operation when only one lobe was lemoved at the first operation There weie 
no deaths in the estrogen treated cases, one patient in the control group, 
having a basal metabolic rate of -|-8i per cent on admission, died following 
a one-stage subtotal thyroidectomy 

In both the contiol and the estiogen treated gioups, the basic pieoperative 
preparation included bed lest, sedation by means of sodium bromide, a high 
caloric diet, calcium gluconate grams 15 tid, large doses of vitamins A, Bi 
01 B complex, C, and D, as well as Lugol’s solution minims 10-15 ti d In 
one of the estiogen treated cases iodine admimstiation was delayed until not 
later than six days pi eopei atively , while in othei cases of the estrogen ti eated 
group institution of iodine theiapy antedated the admmisti ation of estiogenic 
substances 

Table I 

SUMMARY or DOSES OE ESTROGEN 

Showing variations in type of estrogen used dosage and response as showfu by pulse and basal metabolic 
rates on admission after basic therapy and preoperatively following estrogen administration 

Response 

a — on admission, b — after 
basic therapy, c — following 
estrogen 


Case No 

Total Dose 

Dose Schedule 

Pulse 

B M R 

I 

12,000 u theelin 

2 000 u daily for 6 days preceding operation 

a — I 2 S 

a — 81 




b — 120 

b— 47 




c — 1 05 

c — ^46 

2 

100 000 u theelin 

10 000 u daily on I 2 days preceding opera- 

a — no 

a — 27 



tion (2 days omitted) 

b — no 

b — 29 




c — no 

10 

1 

u 

3 

10 000 u theelin 

One dose on day preceding operation 

a— I3S 

a— 73 




b — 120 

b — 42 




c — 90 

c— 35 

4 

20 000 u theelin 

10 000 u daily on 2 days preceding operation 

a — no 

a — 78 


4 mg diethylstilbestrol 

24 hours preoperatively 

b — ns 

b— S8 




c — 127 

c — 55 

S 

30,000 u theelin 

10 000 u daily for 3 days preceding opera- 

a — 107 

a— 37 



tion 

b— ns 





c — 90 

c— 8 

6 

60 000 u theelin 

10 000 u daily on 15th i6th 17th i8th 

a — 90 

a — 24 



igth 20th day prior to operation 

b— 82 



16 mg diethylstilbestrol 

4 mg 1 1 d on 7th 8th 9th loth day prior 

c — 8s 

c — 30 



to operation 



7 

250 mg diethylstilbestrol 

Given during the is days preceding opera- 

a— no 

a — 33 



tion 

b — ns 

b — 33 




c — 90 

c — 2S 

8 

218 mg diethylstilbestrol 

Given during 30 days prior to operation 

a — -90 

a — 60 




b — 100 

b — 60 




10 

00 

1 

V 

c— 30 

9 

4 mg dieth> Istilbestrol 

I mg daily for 4 days prior to operation 

a — 140 

a — 58 




b — ns 

b — 48 




c— 95 

c — 44 

10 

20 000 u theelin 

10 000 u on each of 8th and 9th days prior 

a — lOS 

a — 31 



to operation 

b — I os 

b — 31 


S6 mg diethylstilbestrol 

Given during the 9 days preceding operation 

c — los 

c — n 

tl 

242 mg diethylstilbestrol 

Given during 30 days preceding operation 

a — no 

a— 33 




b — 130 

b — 45 




c — 90 

c — 27 


The estiogens employed veie eithei theelin m oil, administered mtramuscu- 
laily, 01 diethylstilbestrol, administered 01 ally In seveial instances both of 
these piepaiations weie emplo}ed m the same case 
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All o{ the estiogen tieated cases leceived intravenous pentothal sodium 
anesthesia immediately before being brought to the oi^erating loom Three of 
the contiol group leceived pentothal sodium mtiavenously, and one received 
tribi omethanol per rectum as a means of inducing basal narcosis Ethylene 
and oxygen supplemented with ethei were administered to five control cases 
and eight estiogen treated cases Ethylene and oxygen was given to foui of 
the control gioup One of the control group received nitious oxide and 
oxygen and one leceived cyclopiopane and oxygen Thiee of the estiogen 
treated gioup received cyclopiopane and oxygen at the time of operation 

The dose schedule, as well as the total amount and type of estiogenic sub- 
stance employed, vaiied considei abl}^ (Table I) The table also indicates the 
responses of the individual cases It is notewoithy that only one case, aftei 
receiving 56 mg of diethylstilbestiol, was nauseated and complained of itching 
On account of the uncertainty of the effects of estrogens in hyperthyroid 
patients, small doses were fiist used Latei, laigei doses were employed and 
thiee cases received ovei 200 mg of dieth3dstilbestrol by mouth The possi- 
bility of ref ractoi mess following repeated doses of estrogens has been discussed 
m a previous repoit ^ 

A compaiison of the aveiage changes in basal metabolic lates m 1 espouse 
to basic treatment m the estrogen treated gioup, with the corresponding 
changes which occurred m the control group, is shown in Chait 2 An addi- 
tional 10 g pel cent aveiage loweimg of basal metabolic late m this gioup 
followed estiogen theiapy (Chait 3) 



203 % 






On. a-dmission. 


Compai ison of the average changes 
111 ])ulse lates, m 1 espouse to treatment 
and operation, aie shown m Graph l 
Following estiogen administration the 
average pulse rate leached a level as 
low as that attained m the control 
group Although the peak pulse rate 
during operation m the initially more 
toxic gioup which leceived e'^tiogen 
therapy was slightly higher than that 
of the contiol gioup, the lower aver- 
age peak pulse rate on the first post- 
operative day 111 the estiogen tieated cases is significant, and is in accord with 
the better subjective feeling and the general appearance at that time, of the 
estiogen treated patients This obseivation is of particulai significance be- 
cause of the greater numbei of patients m this group who had one thyroid lobe 
still functioning aftei opeiation Preoperative prepaiation m the control and 
estrogen treated groups aveiaged 25 6 days and 14 7 days, respectively 


PrczcecLing 

estroejan 


Tollowincj 

astroc^Gn 


Chart 3 — Showing the ndilitioml lowering 
in bisTl met ibolic nte which followed estrogen 
theripj in the group of cases which Ind shown 
refractoriness to basic treatment 


SUMMARY AND CONCLUSIONS 

( I ) The 1 ationale for the employment of estrogen thei apy m hyperthyroid- 
ism IS discussed 
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(2) Therapy ^\lth estiogenic substances ^^as employed in ii cases with 
hyperthi}Oidism having an average basal metabolic rate of +4/7 per cent, 
four of V hich v ere lodine-fast and four of v Inch manifested such toxicity as 
to be considered to require multiple-stage operations 

(3) The response to preoperative tieatment and opeiation of the estrogen 
treated cases is compared with corresponding obseivations made m ii cases 
of hyperth} roidisni in which estiogenic therapy was not employed 

(4) The patients vho received estrogen theiapy consistently looked and 
felt better than did the control group This difference vas most pionounced 
during the immediate postoperative period 



Graph i — Sho\\ine compin^on of a\cragc puUe rates on admission fol 
lowing basic treatment, following estrogen the peak pulse rate during opera 
tioii, and the peak pulse rate on the first postoperatnc da\ 

(5) An average preoperative loweimg of pulse rate equal to that vhich 
occuired in the contiol group vas observed m the estiogen treated cases, 
even though more of the cases vhich leceived estrogen theiapy were lodine- 
fast at the tune of admission 

(6) The average peak pulse rate of the hist postopci ative da} m the 
cases which lecened estiogen therapy A\as lower than was the average peak 
pulse rate on the same day in the contiol group 

(7) No ciises occuired in the estiogen tieated group, and there has 
been no oppoi tunity to obsei ve the possible effects of esti ogen administration 
111 the presence of this complication, but it is suggested that estrogen therapy 
may be of value both foi the ])rc\ention and treatment of thyroid crisis, 
especially following a fiist-stage lobectoni} 

(8) Although no definite conclusions can be diawn concerning a rela- 
tion betw^een dosage and effect comparison of the presently reported obser\a- 
tions with those following smaller average doses, ^ suggest that small doses 
of estrogenic substances are equall} as effectne as large doses, if not more so 
Reference is made to the possibiht\ of refiactonness to estrogen therapy fol- 
lowing lepeated doses From obser\ations made so far, it appears that 
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estiogeii theiapy is most effective when administered for fiom four to seven 
days preceding opeiation when subtotal thyroidectomy is undertaken in one 
stage When multiple-stage thyroidectomy is performed, it seems advisable 
to continue estrogen therapy foi several days following the first stage, and, 
especially if there is a lapse of more than a week between operations, to rem- 
stitute estrogen therapy preceding the second stage 

(9) The present observations imply that estrogen therapy is valuable 
only as an adjunct in the surgical treatment of hyperthyroidism So far, no 
significant difference has been observed in the response to estrogen therapy 
by patients with toxic diffuse goiteis compared with those with toxic nodular 
goiters 

(10) The numbei of cases in which estrogen theiapy has been employed 
IS too small foi the results to be statistically significant Individual vaiia- 
tions, and variations m the timing and amount of estrogen therapy prohibit 
extrapolation of the present findings From the observations so far made 
and heiein reported, it is believed that employment of this form of collateral 
therapy is warranted, especially in (a) seveie cases of hyperthyroidism, and 
particulaily when the severity of the disease is of such degree that multiple- 
stage procedures are necessary , and (b) in iodine fast cases 

(11) No conclusions can be diawn concerning the relative values of 
theelin and diethylstilbestrol as estiogenic substances suitable for use in hyper- 
thyroidism 
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33 Colhp, J B Neufelu, A H , and Denstedt, O F The Specific Metabolic Factor of 
the Pituitary' Trans Am A.ssn for Study' of Goiter, p 219, 1939 
"3 Guimbrccht, P, and Loeser, \ Cited by Sherwood T C®' 

Discussion —Dr Hugh H Trout (Roanoke, Va ) I have had abso- 
lutely no experience yyith these estrogens, but y\e have had nlentv of ex 
peuence yvith bromides in mental cases, which I thought might be interesting 
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We had two hypeilhyioid cases which weie mentally upset, with hallucina- 
tions and othei signs which we thought at fiist weie due to thyrotoxicosis, 
and we should he on the outlook foi hioniide retention I do not know how 
many of you aie famihai with the situation lelative to the too fiee use of 
hromides The taking of hiomides has become an Ameiican hahit, so much 
so that now veiy few patients aie admitted to the State oi Veteians’ Hos- 
pitals for the mentally sick without a study of the blood hiomides It is veiy 
mteiestmg that the bromides apparently lemain fixed in the blood until 
released by the administration of normal saline When this is done the 
mental symptoms usually disappear rathei piomptly That is what hap- 
pened in these two thyioid cases with mental symptoms until we used in- 
travenous noimal saline In the other, the mental symptoms disappeaied 
before opeiation aftei the mtiavenous use of noimal saline I think it is a 
very serious condition that oui State and V eterans’ Hospitals for the mentally 
sick have so laige a proportion of patients who have this histoiy of having 
taken hiomides It might he advisable for us, as surgeons, to have pre- 
operative study made of blood hromides m our suigical cases with mental 
symptoms 
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In December, 1940, a pieliminary account of the use of sulfanilylguani- 
dine in the prepaiation of the colon foi suigical pioceclines was given befoie 
the Southern Suigical Association ^ No conclusions weie diawn fiom the 
12 case recoids that weie piesented It was emphasized that the lepoit 
was to be looked upon as an initial step in a fai-ieaching study It seemed 
deal that we had found a new application foi chemothei apeutic substances , 
namely, the elimination of pathogenic hacteiia fiom the ahmentaiy canal he- 
foie suigical pioceduies aie attempted Our clinical expeiiences with sulf- 
anilylguamdme giew iapidl3L and it soon became appaient that this diug was 
far fiom satisfactoiy We found that it is often ineffective m the piesence of 
ulceiative lesions, that in many instances the diug has to be given m large 
amounts at fotir-houi mteivals to bung about a significant 1 eduction m the 
bacteiial count m the stool, and also that sulfamlylguamdme has little 01 no 
effect upon ceitam pathogenic bacteria within the bowel Fuitheimore, from 
expel nnental and clinical studies it was shown that the oiigmal claim that 
sulfanilylgLianidme is pooily absoibed fiom the gastro-intestmal tract is 
incoiiect- The diug is readily absoibed from the small intestine, and the low 
concentration found in the blood is due to lapid elimination of it by the kid- 
neys Foi this reason sulfanilylguamdine should not be given to any patient 
having intestinal obstiuctiou 01 impaiied renal function These obseivations, 
together with a lepoit of the occunence of mild toxic reactions, were pre- 
sented in Apiil, 1941, hefoie the Ameiican Suigical Association,^ and led 
us to abandon the use of sulfanilylguamdine and to commence a systematic 
seaicli foi a compound of high antibacterial potency, low toxicity, and poor 
absoibabihty fiom the gasti o-intestmal tract The successful completion of 
this effoit is laigely due to the skill of E J Poth, who laid the foundation 
foi the expel nnental woik by constiuctmg an apparatus foi accurately feeding 
dogs a fixed amount of diug at legular mteivals We were able to test, simul- 
taneously, many compounds At least three sulfonamides were found that 
have the desned piopeities One of these, sucemyl sulfathiazole,f has been 
extensively studied on experimental animals and on 120 patients ■* 

When succinyl sulfathiazole is given by mouth m adequate amounts, and at 
piopei intervals one notices that the contents of the gastro-intestmal tract 
die alteied The stools become soft and odoiless and the amount of flatus 

’’ Read before the Southern Surgical Association, Pinehurst, N C , December 9-1 1 

1941 

7 As far as the author can find out. succiiul sulfathiazole vas first sinthesizcd In Dr 
Alehin Moore, of the Sharp and Dohme Laboratories 
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IS diminished These changes reflect the alterations that take place m the 
bacterial flora We have found that certain organisms are particularly sus- 
ceptible to succinyl sulfathiazole, whereas others are unalfected by it In the 
former group are B coh, B dysentetme (Shiga, Flexner and Sonne), and in 
the latter group are B typhosus, alpha Sh eptococcns jecabs, and B pioieus 
In order for succinyl sulfathiazole to exert an antibacterial effect in the 
ahmentaiy canal it is necessary for the drug to get into contact with the 
mucosa 

Ulceiative lesions retaid but do not destioy its efficiency A blind loop 
which IS inaccessible to the drug will pi event a fall m bacterial count in the 
stool Similarly, seveie constipation oi an active dianhea interfeies with the 
antibacteiial action of the drug The fiesh stool of animals which have been 
given succinyl sulfathiazole foi several days will contain from 50 to 200 nig 
of flee sulfathiazole Upon standing at 37° C the pioportion of this com- 
pound to succinyl sulfathiazole uses rapidly, thus indicating that the latter 
IS pi ogressively hydrolyzed to foim free sulfathiazole 

We have given succinyl sulfathiazole to more than 120 patients in the 
Johns Hopkins Hospital and the Union Meinonal Hospital, in Baltimoie As 
judged by changes in the nunibei of cohform bacteiia 111 the stool, it can be said 
that 111 almost eveiy instance the ingestion of adequate amounts of this com- 
pound low'ered the concentration of B coh to less than 1,000 pei gram of w'et 
stool Frequently there were fewer than 100 of these organisms per gram of 
stool The only exceptions to these results have been in tw'o patients with blind 
loops, two with intractable diarrhea, and one child with chronic intestinal indi- 
gestion In two patients having large ulcerated carcinomata of the colon the 
administration of the drug had to be stopped because of an alarming hemoi- 
rhage In all of the 120 patients succinyl sulfathiazole was poorly absorbed 
in the alimentary canal, even in those wuth impending intestinal obstruction 
The concentrations of succinyl sulfathiazole and sulfathiazole in the blood of 
the patients at the Johns Hopkins Hospital w'ere regularly determined and 
found to aveiage less than 2 mg pei cent The average uiinaiy excretion 
was 4 85 per cent of the total amount of drug given by mouth Since this 
compound has a free carboxyl group, it foims salts easily and, consequently, 
can be excreted in the urine 111 high concenti ation In none of the patients 
studied has there been fevei, lasli, nausea 01 vomiting attributable to the drug 
In all of the patients having laige bowel lesections there has been pi unary 
healing despite the opening of the bowel at the time of the anastomosis 

The usual daily dose of succinyl sulfathiazole is o 25 Gm pei Kg of body 
weight It IS prefeiable to give this in six poitions , that is, at foui-hour inter- 
vals It is important to omit cathartics, especially mineral oil, wdien using this 
compound In patients with severe diarrhea the dose is double the ordinary 
one The drug should be given for a period of from 5 to 7 days before opeiat- 
ing on tbe colon and should be continued foi 10 days postopera tively wdien 
anastomoses have been performed 
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Discussion Dr Edgar J Poth (Baltimoie, Md ) I should like to 
take this opportunity to thank you foi extending me an invitation to attend 
this meeting and for the privilege of discussing this papei Also, I want 
to express my appreciation to Doctor Firor for his detailed presentation of 
those phases of this investigation with which I have been concerned 

A study of some 30 sulfonamides with dibasic acid substitutions on the 
pi unary para-ammo group has uncovered several compounds showing stiong 
'' bactei lostatic action locally in the bowel Many of these drugs, however, are 
highly toxic Of the substances studied, succinyl sulfathiazole has the best 
theiapeutic latio The concentration of any of these compounds in the blood 
IS not necessaiily a true index of the toxicity, because the kidney threshold 
might be low and the drug be rapidly excieted, or the compound might be 
excreted readily by the liver into the bile to be leturned to the gastro- 
intestinal tiact The toxicity of any one drug is piobably linked with the 
total quantity of drug actually disposed of by the tissue cells of the body 

That the chemotherapeutic properties of succinyl sulfathiazole aie influ- 
enced by the free carboxyl group of the substituting side-chain is indicated 
by the extent to which the drug is excreted in the bile An accuiate analytic 
method for the determination of this substance in bile is not available, but 


crude analytic procedures indicate that consideiable quantities of the drug aie 
excreted by the liver Furthennoie, the concenti ation of the drug and the 
bacteriostatic response in the feces of animals receiving the compound paien- 
terally show that considerable quantities of the substance aie being excreted 
into the bowel by way of the liver, panel eas, or intestinal mucosa 

The daily intravenous administration to dogs of 2 Gm pei Kg of succinyl 
sulfathiazole causes no gross or microscopic cellular damage The animals 
usually vomit once immediately following the injection Shortly thereaftei 
the animals eat and have no loss of appetite Theie is excessive salivation 
In order that the effectiveness of succinyl sulfathiazole can be evaluated 
as a local bacteriostatic agent and as an adjuvant 111 colon suigeiy, this diug 
has ordinarily been admmisteied alone Obviously, it may be advantageous 
to saturate the general body tissues with another sulfonamide which is readily 
absorbed from the intestine and so fortify the local action of succinyl sul- 
fathiazole as well as give added protection to sui rounding tissues post- 
operatively This plan has been followed m a few instances 

Quantitative bactenologic studies have been confined to the coliform 01- 
ganisms, because (i) B coli aie constant inhabitants of the gastro-mtestmal 
tract, (2) the coliform bacteria are moderately resistant to the action of the 
drug, and (3) the cultural chaiactenstics of these organisms permit then 
quantitative estimation m the complex bactei lal mixtures encountered m feces 
The piofound physical changes occurring m the stools following drug theiaov 
indicate that the bacterial flora is greatly alteied B p, ole, is, alpha Shel 
tococens jecahs, and the Salmonella group of organisms are not affected 
B ae)obacte} aetogenes, while affected, is more resistant than B coh The 
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Shiga, Flexnei and Sonne stiains of the d3'^senteiy baeilh aie highly sus- 
ceptilile to the action of the ding, as indicated by the results of treatment of 
some 20 cases of hacillaiy dysenteiy All seveie cases of the disease have 
been cured following four days of tiealment The admmistiation of succinyl 
sulfathiarole to patients with typhoid fevei did not seem to altei the clinical 
course of the specific disease The distention was, how^ever, leheved, and the 
usual bowel caie and enemata w'ere not lecjuiied One patient had perfora- 
tions of the lower ileum At operation, three perforations w^ere closed, and 
cultures made of the contaminating intrapentoneal mateiial failed to grow 
B colt, whereas the typhoid bacillus was growm m puie culture in desoxy- 
cholate medium 

Dr E P Lehman (Charlottesville, Va ) Through the courtesy of 
Doctor Firor, and the manufactui ei s, we have had this substance available for 
a few weeks, and have used it in a small group of patients with and without 
large how^el lesions We have made a considerable number of observations 
on each patient I would simply like to confiim the statements Doctor Firor 
has made There was a very prompt and sometimes a complete drop in the 
count of cohform oigamsms m the stool Also, the absorption, as judged by 
the urinary output, is lelatively low, about i or 2 pei cent of the amount 
ingested The thud thing w'e noted w'as that the blood levels have not been 
as high as Doctor Fiioi repoitcd With the small group of patients we have 
had, W'e have nothing to say about succinyl sulfathiazole as a clinical adjunct, 
but we are encouraged 

Dr L Wallace Frank (Louisville, Ky ) I am not going to make any 
attempt to discuss this paper, but would like to ask a question I understood 
Doctor Firor to say that in cases of constipation, and especially m cases of 
obstructive lesions, the drug cannot, and does not, come m contact with the 
bowel and hence it is not efficacious Has the drug been used as an irrigation 
through a cecostomy wound or through the rectum up to the point of colonic 
obstruction ^ 

Dr Warfield M Firor (Baltimore, Md , closing) Doctor Fiank’s ques- 
tion I can answer m the affirmative Any w'ay you can get the drug into the 
bowel IS satisfactory 

I might tell you a story, in conclusion I received a letter from a former 
student about a month ago, w'ho is now' in another clinic He said “There 
is a lot of bad surgery here and I hold you dii ectly resjionsible The surgeons 
feel if they give some sulfaguanidine they can forget all about surgical technic, 
and they do forget about it, and it is your fault 
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URETERAL TRANSPLANTATION AND CYSTECTOMy*^ 

COMPARISON OF RESULTS AFTER EIGHT YEARS 

Addison G Brenizer, MD 

CHAnLOTTE, N C 

Coffey/ in 1909, before the Southern Suigical Association suggested 
the submucosal position of the uietei in the bowel to cieate a valve, in imita- 
tion of the com se of the common bile duct between the musculai and mucous 
coats This suggestion was executed by C H Mayo in Febiuaiy, 1912, 
and immediately began to supplant the foimei methods and modifications of 
Maydl, Moynihan, Mai tin, Stiles and Fowlei, who weie never able to cieale 
a satisfactoiy type of valve to protect the end of the uietei Coffey^ earned 
out three methods of disposing of the uietei al ends in the submucosal posi- 
tion (i) The severed ureteial end, one at a time, Avas immediately tiaiis- 
planted thiough the mucous membiane into the bowel (2) Both ureteial 
ends, armed with catheteis, weie simultaneously tiansplanted thiough the 
mucosa into the bouel (3) The uieteial end was tied oft, tiansfixed to 
the bowel wall, and penetrated by a neciosing sutuie into the bowel, to later 
cut thiough and cieate a lateral ureteio-intestmal anastomosis 

The difficulties encounteied by Coffey of passing the neciosmg sutuie 
into the bowel lumen, a tight 01 loose sutuie, the passage of a rigid instill- 
ment to the left and past the valves of the human lectum and sigmoid were 
overcome by Bienizei’s- img and thiead m a supple cathetei 01 lectal tube 
This cathetei holding the iing and stiiiig was passed up the rectum to 
the site of the neciosmg sutuie, the sutuie was easily passed into the ring 
in the rectum, and when the sutuie was tied down on the iing it held the 
ureter and mucosae steadily m position The cutting of the neciosmg sutuie 
was aided by peristalsis and tugging on the thiead and iing 

The first three cases weie perfoimed by the tiansplantation of the ureters, 
one at a time, by the neciosmg sutuie, and Bienizei’s iing and thiead method 
The urograms in the Iasi case in this series aie pictmed soon after trans- 
plantation of the ureteis and cystectomy and again eight yeais later The 
patient is in good health, has two bowel movements a day, none at night, 
the abdomen is well suppoited, but the ureteis and pelves aie considei ably 
dilated (Figs i and 2) 

Cabot, Walteis,® Ladd and Lanman,’’ and Lowei peifoimed an op- 
eration similar, but somewhat modified, and, ceitamly perfected ovei that 
of the oiiginal Coffey-Mayor piocedure Cabot peifoimed the operation 
extraperitoneally, while Ladd and Lanman turn the anastomosis behind the 
peritoneum Then lesults offei a foimidable aigument 111 favor of their 
operation Walters has opeiated upon 26 cases, with one death, Cabot 20 
cases without aity mortality, and Ladd and Lanman 32 cases, without a 
death Their lecent communications with me (Septembei, 1941) show their 

*Read before the Southern Surgical Association, Pinehurst, N C December o-tt 
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remote results, which aie remarkably free from urinary infections How- 
evei, some of then intiavenous pyelograms show a dilatation of one meter 
and pelvis oi the othei Lanman believes this due to angulation or stiic- 
tuie of the ureter at the site of the anastomosis and says “We feel confident 
that if the anastomosis is straight and unobsti ucted, there will be a minimum 
amount of kidney infection ” 



Tig I — L'rograni «!oon after the traii« Fig 2 — The lateral ana'itomosis of 

plantatjon of the ureteia 1)\ the necrosin«, the ureter in the bo\\el has ceitain chsad 
suture method creating a lateral uretero aantage*' over the turning of the total cah 
intestinal anaslomoMs her ol the ureter into the intestine ob 

struction IS more apt to occur as e\idenced 
b\ a dilatation of the ureters and pehes 
admixture of intestinal contents and urine 
takes place at the site of the anastomo-is 
and infection is con\ejed to the bladder 
field, finalh the ureteral stumps from the 
site of the anastomosis to the bladder must 
be found tied off and tucked back into the 
bouel uhen the c\stectomy is performed 

Lanman and Colby^^ deci}^ the use of catheters Priestly formeil}'^ tians- 
planted both uieteis simultaneously, using short lubbei catheteis, but tells 
me now “I did use them foi a few yeais until I felt confident of the tech- 
nical proceduie, but now I am getting along quite satisfactorily \\ithout 
them” Feiguson,'* in his expeiiments on cats, transplanted a segment of 
both ureteis simultaneously into the rectum and left both ureteis connected 
and running urine to the bladder Higgins'* employed Ferguson’s sugges- 
tion and Coffey’s necrosing stitch, caught through gauze wrapped around 
a rectal tube Higgins reported to the wiitei 52 cases with thiee deaths 
and good functional results following his technic Walters® objected to the 
necrosing sutuie, as elaborated by Higgins, saying “In an expeiimental 
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stiid}^ of the so-called aseptic sutme necrosis method, Mann and I found that 
immediate oi eventual hydionephiosis occuued so fiequently, even though 
111 me appealed m the lectum fiom the fourth to sixth day m most cases, 
that I have been feai ful to use the method clinically " 

The ^Yl itei could not, so sum- 
mai ily, dismiss the suture necrosis 
method as did Walteis, and em- 
ployed the simultaneous tians- 
plantation of both inact meters 
nith his ling and thiead Theie 
was lepeated pyelitis m a coloied 
gill who iiad undeigone a simul- 
taneous tiansplantation of a seg- 
ment of both uieteis, using the 
neciosing sutme and the Bi enizei 
img and thiead (Feiguson, Hig- 
gins, Breinzei ) The wi itei does 
sa}^ and agiees nith Walteis and 
Mann thus fai, that opeiations 
upon the uietei which do not 
eventually turn the total calibei 
of the ureteis into the intestine, 
but depend upon a lateial uietero- 
mtestinal anastomosis, may be fol- 
lowed by pai tial obsti uction at the 
site of the implant In addition to 
this, the flow of mine is not iin- 
inediately cut off fi oin the bladder 
and theie is an interchange be- 
tween the luiniiia of the uretei 
and intestine, contaminating the 
urine to the bladder Also wdien cystectomy is peifoimed, the uieteial stumps, 
fiom the anastomosis to the bladdei, must be found and tucked back into the 
bowel In spite of these disadvantages, the gieat inajoiity of these cases, 
wdiere the neciosing sutme w'as used, have ended ivell in spite of some dilata- 
tion of the meteis and pelves (Figs i and 2, lepeated pyelitis in the coloied 
girl) 

The fact it was along the loute of the necrosing sutme that the wuiteH- ® 
developed the following method A segment of both meteis, left connected 
and running mine to the bladder, w^as placed m the submucosal position 
The uretei w^as sti addled by a hanpm wire, the shaipened ends of wdnch 
iveie passed thiough the intestinal mucosa into a catheter previousl}?^ inseited 
into the rectum (Fig 3) And then the inusculaiis and seiosa were closed 
ovei the metei and wiie loop Aftei about eight days, the meters weie cut 
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segment of both ureters n impimted, 
simuitaneouslj , into the rectum nt one nbdonuml opera 
tion Each ureter is looped over bj a long inirpin uire, 
sharpened on the ends The ends are made to pierce the 
mucosa and pass down a cathetei, previousU inserted 
into the rectum, until a narrow loop straddling and 
surrounding the ureter remains 1 he catheter w ire 
arrangement is left in the rectum for eight days, when 
the ureter is cut and its total caliber turned into the 
rectum b> the application of an electro cutting current 
to the wire ends, where they emerge from the catheters 
at the anus 




836 


\oiume 115 URETERAL TRANSPLANTATION 

Kuniber 5 ' 

thiough and conipletel)^ luinecl into the gut by applying an electio-cutting 
cuiient to the wiie ends emeiging fiom the cathetei at the anus 

An opeiation sunilai to the oiiginal Coftey-Mayo pioceduie as peifouned 
by Walteis, Ladd and Lanman, and Lowci, and that by Bienizei,''- ^ have 
two very essential points in common Both of them, eventually, tuin the 
total calibei of the uietei into the bowel and diveit all uime fiom the bladdei 



Fig 7 — Boj, 17 jeais, 8 5 ears after 
transplantation of the ureters and cjstec 
tomy for epispadias and incompetent lesical 
sphincters and repair of the epispadias At 
the time of the cjstectomi, the seminal 
lesicles and vasa deferentia nere preserved 
and a rim of bladder was sewn over the 
prostatic urethra Due to this vescical 
ouch ejaculation and viable spermatazoa 
ave been retained 
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Fig 8 — The urogram of the ureters and 
pelves, 8 jenrs following the operations, shows 
them to be normal in stnictuie and function 
The patient is in good health, has two or three 
bowel movements a daj and he has retained his 
sevual and procreating functions 


(1) The Biemzei® proceduie accomplishes this at one opeiation All 
hemorihage, edema and lameness of the ureter and bowel which might ob- 
struct, are allowed to subside before the uietei is cut through with an electio- 
cutting cuiient 

(2) The wound is never exposed to infection by opening the mucosa 
or pieicuig It toward the abdomen by a transfixing sutuie The ends of 
the hairpin wire pass fiom the abdomen through the mucosa into the lectum 

(3) The anastomosis is turned behind the peiitoneum In leahty, the 
incision in the intestine is made to approach and loosely envelop the ureter, 
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scarcely laised from its bed The meter is lifted but not stiipped of its blood 
and nerve supply With the loosei fit of the intestinal mucosa aiound the 
ureter, the two structures, by moving up and down oi by rotating, can adapt 
themselves more m line with each other The stitching of the peiitoneal in- 
cision to the bowel finally gives it anchoiage 

The immediate and ultimate results m the two following cases (Figs 
4 , 5) 6, 7, and 8), pictured aftei transplantation of the uieteis and cystectomy 
and then again aftei eight yeais, shows them in good health, a couple of 
bowel movements daily and the mtiavenous inogiams impioved, lather than 
grown woise with time 

At the time the cystectomy was pei formed on the hoy, the vasa deferentia 
and seminal vesicles were separated from the bladder and a rim of bladder 
was used to cover the prostate To the cieation of this pouch around the 
prostate by the wiitei and the repair of the epispadias, undertaken by Dr 
R W McKay, of Chailotte, is attributed his power of erection, ejaculation 
and viable spermatozoa This boy is in excellent health His urogiam is 
noimal after eight years, and he has retained his sexual and piocieative 
functions 
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FINNEY-HOWELL RESEARCH FOUNDATION, INC 

At the meeting of the Board of Directors of this Foundation held in February, eight 
fellowships were awarded for the period of one year A list of the eight Fellows follows 

Julius C Abels, B S , M D , to work at Memorial Hospital for the Treatment of Cancer 
and Allied Diseases, 444 East 68th St, New York City 
Glenn Horner Algire, M D , to work at the National Cancer Institute, Bethesda, Md 
Bernerd E Kline, B S , MS, to work at McArdle Memorial Laboratory, University of 
Wisconsin, Madison, Wis 

Margaret Nast Lewis, A B , Ph D , to work at the Crocker Radiation Laboratory, Uni- 
versity of California, Berkeley, Calif 

Alfred Marshak, B S , Ph D , to work at Crocker Radiation Laboratory, University of 
California, Berkeley, Calif 

Rose I Shukoff, M D , to work at the Glasgow Royal Cancer Hospital, Glasgow, Scotland 
Emiha Vican, to work at the Roscoe B Jackson Memorial Laboratoiy, Bar Harbor, 
Maine 

Benjamin Norman Horwitt, B S , Ph D , to work at Harvard University, Converse Alemo- 
rial Laboratory, Cambridge, Mass 
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THE TREATMENT OF TRICHOMONAS VAGINALIS 
VAGINITIS WITH THE LACTOBACILLUS 

Leo Brady, M D , 

AND 

Roger D Reid, Ph D 

Baltimore, Md 

It is with some hesitation that we present another method of ti eating 
vaginitis due to tiichomonads Time and fuither clinical studies have shown, 
m the case of so many of the methods already advocated, that the claims made 
foi them weie unwai ranted 

Some one has truly said that a trichomonas infection is an ideal condition 
to tieat m transients By this it is meant that when an out-of-town patient 
consults a physician because of an irritating discharge caused by trichomonads 
he can usually give piompt temporal y relief and acquire hei gratitude The 
tiouble IS that so often the symptoms leturn with the next or subsequent 
menstrual periods 

The retuiii of symptoms with menstruation is due probably to the de- 
ci eased acidity of the vagina which occuis at this time In many instances 
a few tiichomonads suivive the pi escribed treatment and continue to live in 
the upper vagina, and with the deciease in acidity they inciease in number, 
set up an inflammation, and cause a letuin of the vaginal discharge 

The importance of these lecurnng exacerbations of trichomonas vaginalis 
vaginitis cannot be ovei emphasized, foi m women dining menstrual life the 
trichomonas vaginalis is piobably the commonest cause of leukorrhea Theie 
IS, m oui minds, not the slightest doubt that this statement is true when one 
IS refening to the type of women seen m piivate piactice and, we believe, it 
IS also true foi dispcnsaiy patients, although gonoirheal endocervicitis in this 
lattei type of patient luns the tiichomonas a close second as a cause of 
leukorihea Moreovei, the trichomonads must always be thought of and 
looked for when a woman complains of pruritus and dyspareunia 

Tiichomonads cause a vaginitis and little, if any, endocervicitis The 
charactei istic lesion is most often seen in the upper posterior part of the 
vagina just behind the cervix One not infrequently sees in this area minute 
red spots, giving the upper postei loi vaginal wall a strawberr3f-hke appearance 

Some of those who have written about tiichomonas infections have stated 
that the dischaige often contains bubbles and is apt to have a slight greenish 
tint but personally we have seldom observed these peculiarities in the dis- 
charge In our expel lence thei e is nothing that is charactei istic in the appear- 
ance of the discharge It may be thick or thin, yellow or white It is, how- 
ever, apt to cause much moie irritation than does the dischaige caused by 
endocervicitis 

*Read before the Southern Surgical Association, Pinehurst, N C, December shii, 

1941 
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The ti ichomonads occasionally invade the urethra, Skene s and Bartholin s 
glands Cases of salpingitis, due to the tiichomonas vaginalis, have been re- 
poited but, although we have seen many hundieds of patients with a leukor- 
iheal dischaige due to these organisms, we have never seen a case of salpingitis 
foi which we thought they weie responsible 

The tiichomonas is a piotozoa with actively moving flagella at one ex- 
tremity and an undulating membiane The lattei cannot always be seen as 
easily as the flagella These organisms aie laiger than an oidinaiy pus cell 
and yet smaller than the epithelial cells which line the vagina and which can 
always be seen in vaginal smeais The ti ichomonads are veiy motile Under 
the micioscope then flagella can be seen moving rapidly When the protozoa 
happen to be caught under a mass of epithelial cells they often make the 
whole clump of cells move 

The diagnosis is made by demonstiatmg the oiganisms with the micro- 
scope No special apparatus is needed All that is required is a little normal 
salt solution and an ordinary micioScopic slide In some ai tides you will 
1 ead that hollow gi ound slides should be used in studying the trichomonas but 
they are not necessaiy The technic for demonstrating these organisms is as 
follows The gloved fingei is mseited high in the vagina behind the ceivix and 
a drop of the secretion taken on the gloved fingei This is mixed with a little 
normal salt solution and the pieparation examined at once The oigamsms 
can be seen under low or high giade power It is not necessaiy to stain them 
111 some women, smears examined m the mteimenstiual peiiod may fail 
to show the oigamsms, while those taken immediately before or after a period 
will reveal them In fact, m some instances the oigamsms can more easily be 
demonstrated if the patient is examined when she is actually menstiuating 
The diagnosis is often missed for two reasons The fiist is the same reason 
that explains why so many conditions lemain undiagnosed It is that they 
aie not thought of The second leason that explains why physicians some- 
times fad to make the diagnosis is that while they think of tiichomonas 
vaginalis as a possible cause of leukorihea they think of it two minutes too 
late That is what often happens A woman comes to a doctor complaining 
of a leukoirheal dischaige He thinks of endocervicitis, polyps, carcinoma and 
many other gynecologic conditions as being the possible cause of the discharge 
He at once puts gi een-soap or some other lubricant on his fingei s and makes 
a pelvic examination After his examination has failed to demonstrate any 
of the conditions mentioned above he then thinks of the possibility of a 
vaginitis due to the trichomonas vaginalis, takes smears, looks at the material 
undei the micioscope and fads to see the organisms This may be due to the 
fact that the green-soap on his fingers killed the trichomonas which were in 
the superficial tissues and by which the diagnosis could have been made We 
feel that it is advisable to take smears for trichomonas vaginalis as the first 
step in the study of all patients complaining of leukorrhea, piuiitus, and 
dyspai eunia 

Anothei factor that sometimes mtei feres with the diagnosis of tiichomonas 
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infections and also of gonoiihea is that many women thiongh a natural sense 
of cleanliness will take a douche immediately befoie coming to a doctoi’s office 
and thus prevent the physician from making the diagnosis It is well to ask 
every woman who comes to you complaining of leukoiihea when she took 
her last douche 

Until we began working on the method of treatment which we are now 
presenting, we had, as most of us have, tried one aftei anothei of the usual 
procedures recommended for tiichomonas vaginalis vaginitis All of them 
were helpful in some cases Howevei, as has been the experience of so many 
gynecologists there were numerous cases m which a lecmience of symptoms 
occurred following the mensti ual pei lods with a i eappeai ance of the pi otozoa 
Moreover, there were a few patients to whom the tieatments did not give 
even temporary lelief 

Although there have been many ti eatments i ecommended foi ti ichoinonas 
vaginalis vaginitis, they may be divided into two gioups based on what it is 
hoped the treatment will accomplish In the first, an effoit is made to destioy 
all the protozoa by the use of antiseptics Silvei piciate, aldaisone and 
carbarsone are among those that have been i ecommended Sometimes meeban- 
ical cleansing with gieen-soap oi othei solutions is added to the use of 
antiseptics 

In the second group of tieatments less attention is paid to antiseptics than 
to measures which it is hoped will restoie the normal defenses of the vagina 
They are based on the geneial idea that it is possible foi the pi otozoa to exist 
only when the normal mechanism which protects the vagina against infection 
has been disturbed 

In general, this defense mechanism of the vagina is believed to depend 
primarily on three conditions First, that the vaginal secretion lemains at its 
normal low pn , second, that the Doderlem or vaginal Lactobacilli are piesent 
in sufficient numbers to form lactic acid and finally that there is sufficient 
carbohydrate, perhaps m the form of glycogen, in the vaginal epithelial cells 
or spaces between the cells to afford adequate nourishment for the continued 
growth and activity of the Dodeilem bacilli 

With the idea that in vaginitis acid douches might restoie the bactericidal 
power of the vagina, lactic acid and vinegar douches have been piesciibed 
in trichomonas vaginalis They do give the patient considerable relief but 
apparently are not sufficient, in themselves, to completely correct the condition 
Few if any cuies have been brought about by simply using acid douches 

Adair and Hesseltine believe that, m the treatment of trichomonas 
vaginalis vaginitis, the most important therapeutic measiii e is to furnish suffi- 
cient nourishment to maintain a normal bacterial floia and, hence, they recom- 
mended, in 1936, that vaginal tablets containing 95 per cent lactose and 5 per 
cent citric acid be used Kainaky with the same idea became enthusiastic 
over the use of vaginal suppositories, containing lactose and dextrose The 
preparation which Karnaky recommended, and which was placed on the 
market undei the tiade name of floiaqum, does also contain an antiseptic 
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known as diodoquin but the antiseptic is thought to have less therapeutic 
value than the sugais 

We have used floiaquin in a large number of cases, with some satisfactory 
lesults Howevei, theie were in the series of patients quite a few who con- 
tinued to haibor the parasites in the vagina and to have lecunences of 
leukoiihea and piuritus with the menstrual periods Being rather discour- 
aged by the lesults obtained from the numeious preparations that had been 
lecommended foi the treatment of vaginitis due to the trichomonas vaginalis 
we decided to attempt to build up the vaginal defense by simultaneously cariy- 
ing out several measuies Not only was nourishment suitable foi the growth 
of Dodeilem’s bacillus to be introduced into the vagina but also viable 
Lactobacilli 

Such a piocedure if feasible seemed woith trying To quote from Hessel- 
tme on an aiticle dealing with trichomonas infestations “One thing is well 
established and that is with the restoration of the vagina to a noi mal cellular 
and bactei lologic flora the disease entity vanishes ” 

Since the time when Metchnikoff proposed the ingestion of Lactobacillus 
bulgaiicus as an an “elixir of life” to the more recent work of Rettger and 
many otheis, acidunc bactei la have enjoyed pei iodic popularity as agents for 
the lelief of ceitam human ailments Within the last two decades, “acidophilus 
thei apy” has soai ed and fallen It was used pi incipally foi the relief of gasti o- 
intestinal symptoms and depended upon implantation of the organisms in the 
intestinal tiact with subsequent elimination of other, less desirable, types of 
bactei la The literature from 1910 to 1930 contained a gieat deal of evidence 
that such theiapy was justified On the other hand, its popularity as a 
panacea has been rightfully questioned When indicated, massive doses have 
doubtless given desiiable results It is not our purpose to take issue with 
eithei view m the discussion which aiose in this respect There can be no 
doubt that many commeicial preparations during the heyday of acidophilus 
therapy were of little 01 of no value due to the lack of viable Lactobacilli 

Pei haps, however, some of the unfavorable repoits, such as those by Bass 
and James, on Lactobacillus pieparations were in part due to media diffi- 
culties foi, as will be brought out shortly, we had in the beginning of this 
woik consideiable tiouble in growing Lactobacilli on the usual solid medias 
Moreover, James, m a recent personal communication, has expressed the 
opinion that conditions in the intestinal tract and in the vagina are so different 
It IS not surprising that we have been successful in implanting Lactobacilli 111 
the vagina 

Our first attempts to treat trichomonas vaginalis vaginitis with lactic acid- 
formmg bacilli plus sufficient carbohydrate for the nourishment of the bacilli 
were lather crude The junior author, who at the time this work was started, 
was the Bacteriologist to the Gynecological Department of the Johns Hopkins 
Hospital, had a culture of Lactobacillus which had been obtained from the 
United States Department of Agriculture The culture secured from Wash- 
ington IS known as Hansen s strain, and has been used throughout this investi- 
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gallon Two lumps of oidmaiy sugai weie coated with this culture and 
placed in the vagina Quite natuially the heat of the tissues soon melted the 
sugai, converting it into syiup which lan out of the vagina Tampons made 
of oidinaiy cotton weie of no help as they quickly ahsoihed the syrup and 
prevented its coming m contact with the vaginal epithelium Tampons made 
of nonabsorbent cotten weie then used, with moie success In fact, many 
women obtained prompt lelief by this ciude tieatment 

Encouiaged by these lesults we then endeavoied to work out a simpler 
method of carrying out this treatment Tablets weie then piepared foi us 
undei the caieful supervision of Di John Biewei, Bactei lologist for Hynson, 
Westcott and Dunning The tablets aie piepaied in the followung manner 
Sterile skim milk is inoculated wuth a cultuie of Lactobacillus bulgaiicus, 
USD A Hansen’s stiain Aftei 48 houis’ incubation, 1,000 cc of this cul- 
ture is mixed wuth 325 giains each of XXXX sugai and milk sugai This is 
thoroughly dissolved in the milk and the mixtuie is spiead in thin layeis on 
enamel pans and diied in a vacuum oven at 37° C 

The mixtuie is scraped from the pans, bioken into bits, and leplaced m a 
driei to complete desiccation When completely diied six cubic centimeters 
of wdiite mineral oil and 38 Gm of staich are added The mixtuie is then 
pressed into tablets The finished tablets w^eigh i 3 Gm , and repi esent 
I 25 cc of oiiginal cultuie 

We were, of course, interested in detei mining the numbei of live Lacto- 
bacilli to the tablet Tomato juice agar, using the foiinula of Valley and 
Heiter, and also dehydrated tomato juice agai (Difco) w'as not found to be 
satisfactoiy foi this puipose On the othei hand, it was possible to prove the 
presence of viable organisms in milk and tablets wdien dilutions w^eie made 
in tubes of htmus-milk and latei in thioglycolate medium By this method w'e 
w^eie able to detei mine the number of living organisms in a tablet or in one 
cubic centimetei of the milk culture Dilutions w'ere made by placing one 
tablet into 10 cc sterile water One cubic centimetei of this, wdien dissolved, 
was tiansferred to a tube containing nine cubic centimeters of steiile w'atei, 
one cubic centimeter of this dilution transferied to a second tube containing 
nine cubic centimeters, and so on One cubic centimeter of each dilution w'as 
transferied to 10 cc of thioglycolate medium or htmus-milk, making the final 
dilution fiom the first tube, one tablet per 100, second tube, one tablet pei 
1,000, etc Growth of the Lactobacilli was determined by coagulation of the 
milk or clouding of the thioglycolate medium, and Gram’s stain of these media 
after 24 hours’ incubation showing presence of typical gram-positive bacilli 
By this proceduie we have determined the approximate number of viable 
Lactobacilli m tablets kept foi as long as 12 months Numerous samples 
taken from diffeient lots of tablets all showed betw^een 10,000 and 100,000 
viable Lactobacilli m each tablet aftei they had been stored m a refrigerator 
for 12 months 

It is of mteiest, and possibly impoitant, to note that m no case weie con- 
taminating organisms found m or on any tablets tested, m spite of the fact 

844 



X'olume 115 TRICHOMONAS VAGINALIS VAGINITIS 

hnmber 6 

that no precautions weie taken, dimng storage, to mamtam steiility This, of 
couise, may be explained on the basis of the acidity of the oiiginal miik cul- 
tui es used in making the tablets 

These tablets have been used in seveial difteient ways, and it may be that 
the best way has not yet been ivoiked out Howevei, the method ivhich we 
aie employing at piesent is the follownng As soon as the diagnosis is made a 
bivalve speculum is mtioduced into the vagina, the ceivix inspected foi com- 
plicating endoceivicitis and Skene’s and Baitholin’s glands inspected foi 
possible involvement The vagina is then diied wnth cotton and twm Lacto- 
bacillus tablets nisei ted high in the vagina in the posteiioi foi nix behind the 
cervix The vaginal orifice is then plugged with a tampon of nonabsoibent 
cotton When the patient i etui ns on the next day the tampon is lemoved, 
mateiial taken fiom the vagina foi inicioscopic study and the tieatment cai- 
iied out on the piecedmg day repeated On this second visit piactically every 
patient ivill lepoit that the itching has been much less, and it is veiy unusual 
to be able to demonstrate oiganisms at this time 

Such office treatments aie lepeated daily foi fioni foui to six days The 
patient is then told to inseit one Lactobacillus tablet high m the vagina each 
night She is told to take douches only if she becomes uncomfoi table fiom 
unabsoibed pai tides of the tablets coming out of tlie vagina and causing inita- 
tion A wdiite vniegai douche (5 pei cent acetic acid) is lecommended m a 
stiength of fiom tivo to four tablespoonfuls to tw^o quaits of water Two 
douches a iveek aie usually sufficient 

This home tieatment is continued fiom thiee to six iveeks and longer if 
necessaiy Howevei, if the oiganisms promptly disappeai and show no im- 
mediate tendency to lecui, the tablets need be used only eveiy other night 
It IS especially impoitaiit that they be used while the patient is mensti uatmg, 
as that IS, of couise, the time when the \aginal defenses against the tii- 
chomonads ai e iveakest 

If there is an endoceivicitis which in itself is pioducmg some of the 
leukoiihea it is tieated by a cautei ization All patients aie given the usual 
mstiuctions legaiding toilet technic, just as should be given no mattei what 
method of tieatment is being earned out This consists of instiuctmg the 
patient to clean heiself, aftei defecation, fiom in front backwaids. that is fiom 
the vagina towaids the lectum, lathei than in the reveise mannei as is usual 
in most women This lessens the likelihood of the condition being kept up 
by constant lemfection fiom the anus When it is possible to cleai up the in- 
fection quickly It is bettei to advise against sexual lelations When the 
tieatment must be continued foi a longei peiiod of time the patient is instructed 
to take a plain w atei douche liefoi e coitus 

XJnfoi Innately , some dispensaiy patients cannot come foi dailj office treat- 
ments dm mg the hist weelc aftei the diagnosis has been made, and m these 
cases we have to lely largely on the home tieatments cairied out by the 
patients themselves We have not given patients tampons of nonabsorbent 
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cotton with which they themselves might plug the vaginal oiifice, although 
this might be advisable 

These tablets have now been used on 50 consecutive, unselected cases 
Thirty-one weie white women, 19 colored There were two childien in the 
series, age six and seven, respectively, and two women beyond the menopause 
The remaining 46 weie in the reproductive age 

Just a few days ago a five-weeks-old child was bi ought into the dispensaiy 
with a profuse leukorrheal discharge which was thought to be gonorrheal in 
origin Howevei, smears for gonococci weie negative while examinations 
for tiichomonads showed a large number of the protozoa Because the 
vagina was so small we have had difficulty in getting the Lactobacilli into it 
Howevei , we have been fan ly successful with some long, very nai 1 ow tablets 
Pei haps suppositories would be more effective, but their preparation has not 
yet been completed After two treatments the dischaige almost entiiely dis- 
appeared, although there ai e a few organisms still present This is, I believe, 
one of the youngest cases of vaginitis due to the tiichomonas vaginalis which 
has been lecoided It is of interest that the mothei also has a vaginitis due 
to the tiichomonas vaginalis, indicating that the child probably acquired the 
disease fiom the mother 

All 50 of the women in oui senes complained of a vaginal dischaige, 40 
of pruritus vulvae and ten of dyspaieuma Fifteen had received tieatment 
for the tiichomonas infestation befoie coming under our care Thiity-seven 
had had symptoms for over six months befoie we saw them, and 25 foi a 
year 01 more In our series there were only foui patients whose symptoms 
weie only a few weeks’ duration 

This paper is essentially a lepoit of the results obtained by the use of 
tablets containing Lactobacilli and not a detailed clinical study of vaginitis 
due to the trichomonas vaginalis Howevei, we wish to state that on the basis 
of our observations we are in complete accord with those investigators who in 
the past few yeais hai’^e brought out the fact that tnchomonads not infre- 
quently cause an inflammation of the Bartholin glands This is a point of 
sufficient importance to deserve being stressed Until a few yeais ago many 
gynecologists taught that when an examination showed bilateral thickening 
of the Bartholin glands one could be almost ceitain that at some time the 
woman had had gonorrhea This is incorrect Shelanski and Savitz, in 1939, 
leported that they had demonstrated tnchomonads in Bartholin’s and Skene’s 
glands, and proved conclusively that an inflammation of these glands may be 
due to tnchomonads In our series there weie seveial cases of bartholinitis, 
in all probability due to the trichomonas vaginalis In one patient, an un- 
married woman with a hymen which would not admit the tip of the finger, the 
glands reached the size of olives One case in our series interested us espe- 
cially Tnchomonads were persistently present m the voided specimen of 
urine, while smears taken from the walls of the vagina showed no protozoa 
After several examinations the tnchomonads were found to be coming from 
an infected Skene’s duct 


846 



Toiumoiis TRICHOMONAS VAGINALIS VAGINITIS 

Nunibei 5 

We leahze that a senes of 50 cases is not large enough to diaw any very 
definite conclusions fioni legaiding the efficacy of a method of tieatment 
Neveitheless, we do feel that oui lesults warrant this preliminary report of 
the woik we aie doing 

Every patient tieated with the Lactobacillus tablets showed immediate 
impiovement and 111 many instances the organisms disappeaied at once 
Neveitheless tieatment was continued fiom three to six weeks and when 
necessaiy longei Theie have been recuriences m six patients whom we had 
thought weie cuied, perhaps in some instances these were leinfestations 
Usually the supposed lecuirence cleaied up moie lapidly than did the fiist 
infestation 

Foity-eight out of the senes now have negative smears, and are asympto- 
matic Both of the patients with positive smears aie women 111 whom re- 
cuiiences 01 remfestations recently developed They are now being tieated 

All the patients whom we have considered cuied have been instiucted to 
lepoit foi examination immediately at the termination of each menstiual 
peiiod, and without taking a douche before coming for examination Thirty- 
five patients have remained symptom-free and have shown persistently nega- 
tive smears foi three months We have 20 patients who aie apparently well 
after six months 

We aie enthusiastic about the prompt results which we have obtained with 
the Lactobacillus tablets, and we have had numeious patients go without 
treatment for from tliiee to six months in ordei to prove that they have 
really been cured of the infestation Nevertheless, we feel that every woman 
who has had a trichomonas infection should continue foi considerable time 
to take either acetic acid douches or to use the Lactobacillus tablets for a few 
days each month ai ound the time of the mensti ual period In fact, no matter 
what treatment is earned out for vaginitis due to the trichomonas vaginalis 
it should, in oui opinion, be repeated at each menstiual period foi fiom six 
months to a yeai 

Theie is still a gieat deal to learn about the tiichomonads Perhaps 
what we need is not a moie effective way of ti eating this condition but to 
leain the necessity of ti eating it for a longer period of time than we have in 
the past It IS possible that the oigamsms, when attacked by vaiious anti- 
septics, develop a few veiy lesistant foi ms with the powei to live much longer 
than the oidmaiy trichomonads 

Theie are of course ceitain questions that at once present themselves 
when one consideis the advisability of using lactic acid-forming bacilli m 
vaginitis and some of these we hope to answei m the near futuie For in- 
stance while we have clinical lesults to report which indicate the effectiveness 
of the method which we have used, and are also able to prove that the tablets 
themselves contained great numbers of viable lactic acid-forming bacilli, even 
when lefiigerated 12 months, we have not shown just how rapidly 'these 
tablets restoie the vaginal floia to its normal state 

We have analyzed the bactei lologic flora of a series of women, and 
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selected six from whose vagina it was impossible to giow any Lactobacilli 
These six were mstiucted to insert one Lactobacillus tablet m the vagina 
eveiy night for six nights and then to report for examination 48 houis latei 
Five of these six weie then shown by culture to have large numbeis of viable 
Lactobacilli in the vagina 


SUMMARY 

A method of ti eating vaginitis due to the trichomonas vaginalis is pie- 
sented It dififeis fiom othei methods in that viable lactic acid-forming 
bacilli aie mtioduced into the vagina There have been a few recuriences 
01 reinfestations, but m all cases the method has yielded almost immediate 
lelief of symptoms and m the gieat majoiity of instances the vaginas have 
lemamed fiee of tiichomonads Maity of these patients have now been fol- 
lowed foi SIX months 

We realize that much additional clinical and laboratory work must be 
earned out to establish, definitely, the value of Lactobacillus therapy 111 the 
treatment of vaginitis due to the trichomonas vaginalis In spite of the rela- 
tively good results which we have obtained we do not claim that this method 
of treatment will completely eliminate lecuiiences in all patients However, 
we feel oui results justify this piehmmary report 

The authors wish to express then appreciation to the Hjnson, Westcott and Dunning 
Co for their cooperation in this work 
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ACOUSTIC TUMORS 


WITH SPECIAL REFERENCE TO END-RESULTS AND 
SPARING OF THE FACIAL NERVE 

A AGE Nielsen, MD 
New Haven, Conn 


rnoM THE NBUROSDRGIOM CLINIC, SER\FIMERI \S\RETTET, STOCKHOLM DIRECTOR PROFESSOR II OLIVICRONA 

In A RECENT PRELIMINARY REPORT OH acoustic tumors, Olivecroiia^ 
stated “The pioblems have shifted insofai as we aie now not so much con- 
cerned with the immediate mortality, which has been reduced to reasonable 
piopoitions, but with the late lesults ” With this in mind, the puipose of the 
piesent study is to give the late results in Ohveciona’s entiie senes of acoustic 
tumois fiom 1930 to 1939 In addition, a detailed desciiption of the opeia- 
tive technic of saving the facial neive duiing ladical lemoval of these tumors is 
piesented, togethei with ceitain fuithei points of diagnostic and clinical 
mteiest 


The mateiial consists of 130 cases of veiified acoustic tumois, operated 
upon between June, 1930 and June, 1939 In eveiy instance microscopic 
examination of the growth pi oved it to be a neui inoma An additional numbei 
of 34 cases of acoustic tumoi , pre- 
viously veiihed by operation, and 
lepoited by Olivecrona in 1934,^ 40 

will not be considered in the pres- 
ent study except m the discussion 
of moitahty statistics wheie the 5 
material then published is earned 4 
up to date Finally, it may be ^ 
mentioned that thiee cases of bi- ° 

V 

lateial acoustic tumor, also not "f 
here included, were pieviously ^ 

r 1 1 , 1 , r 10-20 20 30 30-40 40 50 50-60 60-70 

venhed by operation, and two of Agee xn. on. hospLta.i ^dmisston 

tliese weie repoited by Olive- Gnph I — Representing the ages on admission, plotted 
C 10 nami 928 3 bj decades 

Age — Giaph i represents the ages on admission, plotted by decades It 
may be seen that the gieatest numbei of patients came undei obseivation 
dining the age-peiiod of 30 to 40 yeais The youngest patient was 18 yeais 
of age, and the oldest 68 The aveiage age of the 130 patients is 42 3 yeais 
It IS inteiesting to note that m Doctoi Cushing’s series of 190 neurmomata 
the aveiage age is appi oximately the same, that is, 40 yeais 

— Theie weie 79 females (608 per cent) and 51 males (392 pei 
cent) This incidence of appi oximately 60 40 among the sexes in Doctoi 
Ohveciona’s senes is also close to that in Doctoi Cushing’s senes of 190 
neunnomata, in vhich the coi 1 esponding figuies aie 122 females (642 per 

' Peisonal communication from Dr Louise Eisenhardt, Brain Tumor Registry, Yale 
University School of Medicine, New Haven, Conn 
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cent) and 68 males (358 pei cent) Anothei mteiesting point, to which 
attention has aheady been called, is the possible significance of the fact that 
there is the same definite piedominance m the incidence of memngiomata m 
females ovei males, the piopoition being 60 40 in a senes of 313 cases'^ 
Symptoms and Signs — The chionology of symptoms and signs in cases of 
acoustic neuimoma, as established by Cushing,^ is as follows 

(1) Auditoiy and vestibular disturbances 

(2) Occipitofiontal headache with suboccipital discomfoit 

(3) Incooidmation and instability 

(4) Evidence of involvement of adjacent cianial neives 

(5) Signs of inci eased mtracianial piessuie with choked disks 

(6) Dysarthria and dysphagia 

(7) Ceiebellai crises and lespiiatoiy difficulties 



Fig I — Case 7 37 Showing patient two years and five months after complete extirpation of 
neurinoma with preservation of the facial nerve 


To-day, these progiessive, characteristic symptoms and signs aie so well 
lecognized in the average case of acoustic neurinoma that they need not be 
consideied in fuithei detail heie 

Occasionally, however, m a some\\hat atypical case, the diagnosis may be 
obscure, and venti iculogi aphy becomes necessaiy This occuiied m foui 
instances in the piesent senes, one of which may be biiefly desciibed as 
follows 

Case No 240 37 — Admission of female, age 29, complaining of moderate headache 
of five j^ears’ duration For four years there had been diminished hearing, bilaterally, 
with tinnitus m the right ear For two tears vision had been failing, advancing to blindness 
on the left For two weeks there had been slight clumsiness of left hand 

E'laiiinmtwn showed bilateral choked disks, with blindness on left and markedly 
lowered vision on right There was no nystagmus Hearing was markedlj diminished, 
bilaterally, and theie was slightly diminished caloric reaction on the right No definite 
cerebellar disturbances were present Roentgenologic examinations of the internal 
acoustic poruses were negative 

The preoperative diagnosis was uncertain, partly because the deafness was bilateral 
and the adjacent cranial nerves were unmvolved, and partly because of a poor historv 
due to language difficulties Tentative Diagnosis Pinealoma or intraventricular 
meningioma 
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Onh by ventnculograpliic stuch was the lesion disclosed Dr E Lysliolm’s rcpoit is 
as folloNYs “There is evidence of a high degree of piessuie, with symmetrically internal 
hydrocephalus including the third ventricle The fourth ventiicle is slightly dislocated 
doisalh and somewhat to the left Theie is a filling defect on the right side of the fouitli 
^entllcle Roentgenologic examination show's the pictuie usually seen in cei ebellopontine 
angle tumor ” 

At opeiation both cei ebellopontine angles were investigated, but tumoi was found to 
Le piescnt on the light side onlj 



Tic 2 — 240 37 riiolQgnphs litven 18 I'lr 3 — C.\sc 240 38 P lUtut 14 moiitbs 

monlhs Tfter coinplolt c\tir|i 3 lion of tumor with iftei complLlt icnio\ \I of iicunnom v, vith pic'^ci 
j)reser\ 3 tiou ot tin. focnl utr\c \ iliou of tin. (veto! ucinc 


Anolhei deviatiofi fiom the usual chionologic, piogiessive synch ome of 
acoustic neuiinoma is lepiesented by those cases in which noiinal oi neaily 
noimal heaiing and noimal caloric i espouses aic piesent Theie aie sevctal 
such examples m the piesent senes In these cases one of the divisions of the 
eighth neive (vestibiilai ) is usually uninvolved and occasionally even both 
divisions aie found to be intact Thus m Case No 478 37 it is specifically 
mentioned in the clinical 1 ecoi d that vestibulai function was intact and heai mg 
noimal, bilateially, although at times the patient had expeiienced noises m one 
eai Unfortunately the -weight of this tumoi was not lecordcd, but the fact 
that bilateral choked disks weie present indicates that the giowth was laige 
enough to cause obstiuction to the flow of cei ebiospinal fluid 

Smallei as3'inptomatic acoustic neunnomata have been lepoited in the 
liteiatuie In an examination of seiial sections of the tempoial bone in 250 
unselected cases, Haidy and Ciowe'* found, m five instances, a typical 
acoustic neuiinoma deep in the internal auditoiy canal These tumoi s weie 
too small to cause clinical symptoms 

It may be of inteiest at this point to note which cianial neives weie found 
to be involved by the neunnomata m this senes They aie listed in oidei of 
fi equency of involvement as follows 


ORDER or TREQUENCN OF CRANIAl NERVES INVOLVED 


Nerves Involved 

1 Acoustic (cochlear division) 

2 Acoustic (vestibular division) 

3 Trigeminal 

4 Optic (diminished vision) 

5 Facia! 

6 Abducens 

7 Glossopharyngeal and vagus 


No of 
Cases 

Per Cent 

129 

99 2 

118 

90 8 

92 

70 8 

72 

SS 4 

71 

54 6 

16 

12 3 

7 

5 4 
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The raiity of glossopharyngeal involvement is reniaikable consideiing the 
intimate i elation of acoustic tumors to this neive However, it may be pointed 
out that patients are not aware of loss of function of the ninth neive, a fact we 
often have had opportunity to verify m cases in which this neive had been 
seveied foi lehef of glossopharyngeal neuialgia 

Although, subjectively, the patients themselves aie unaware of any loss of 
function following section of the glossophai yngeal neive, objectively, anesthetic 
areas are to be found homolatei ally in the tonsillar fossa, pillars and uvula 
That clinical records often fail to mention any sensoiy loss in cases m which 
the ninth nerve has been severed may be due to the difficulties in detecting such 
loss Most authors agree that sensory changes occui and that motor function 
remains unaltered 

Another important point is the presence oi absence of nystagmus In this 
senes of 130 cases nystagmus was present in 125 cases, 01 96 2 pei cent It is 
geneially agieed that nystagmus may lesult fiom a lesion involving the cortico- 
ceiebellar pathways Since the coiticoceiebellar fibeis pass fiom the cortex 
to the cerebellum by way of the middle cerebellai peduncle, it seems leason- 
able to assume that absence of nystagmus is a favorable sign, indicating that 
theie IS little, if any, compression of the brain stem Otbei fibeis in the brain 
stem which give rise, if injured, to nystagmus aie the coi tico-oculomotoi 
fibers aftei leaving the Deiters’ nucleus as well as the ascending fibeis of the 
postei lor longitudinal bundle Here again, absence of nystagmus may mean 
that these fibers have been spared and, consequently, a tumoi causing no 
nystagmus may be considered to be a more favorable one 

In the present senes brain stem compression as evidenced by choked disks 
was present in 90 8 per cent and, as mentioned above, nystagmus was pi esent 
m 96 2 pel cent A few cases showed neithei nystagmus nor choked disks 
This furthei stiengthens the probability that nystagmus and biain stem com- 
piession may be related phenomena — the latter responsible for the foimei 
Howevei, an occasional case will show no nystagmus m the piesence of fiank 
choking of disks, indicating that other factors than biain stem compiession 
piobably play a role in the production of the type of nystagmus obseived in 
cases of acoustic neurinoma 

Roentgenologtc Diagnosis — An examination of the poius acusticus inteinus 
to detect possible enlargement from pressure atiophy was made in all of the 
130 cases It was found that some degree of enlargement togethei wnth a 
rather typical funnel-shaped appeal ance, with or without destiuction of the 
pyiamid, w'as pi esent m 106 cases, 01 81 5 per cent In foui cases, one of 
wdiich has been biiefly desciibed above, venti iculographic studies w^eie made 
because the history and the neuiologic findings w^eie atypical In each of 
these four cases the diagnosis of a cei ebellopontine angle tumoi w^as made 
chiefly on the basis of the roentgenologic findings 

Opciative Tcclinic — With only thiee or foui exceptions all of the opeia- 
tions in this senes of 130 cases w'^eie perfoimed by Doctoi Olivecrona In 
75 cases there was complete extirpation of the tumor wnth its capsule In 27 

852 



Volume 115 
Number 5 


ACOUSTIC TUMORS 


cases the extupation was subtotal In 28 cases an niti acapsulai enucleation 
of the tumoi mass was clone The definition of these diffeient types of opeia- 
tions foi acoustic neui inomata, as earned out by Ohvecrona, may be stated 
as folloccs 

(1) Complete Extupation An opeiation with total lemoval of all 
maci oscopicall} visible tumoi 

(2) Subtotal Extupation An opeiation in which ladical lemoval had 
been attempted but found impossible to cany out, usually because of tech- 
nical difficulties due to a veiy fiiable capsule and comparatively film adhesions 
to the pons 

(3) Inti acapsulai Enucleation An opeiation which is dehbeiately incom- 
plete 

As seen above, by fai the gieatest number of cases have been treated by 
complete lemoval of the tumoi, with its capsule, the opeiative technic of 
which IS as follows 

Opci alive Tcchmc — The patient is placed horizontally, w'lth the face dowm, on the 
operating table, to which arc attached special shoulder- and head-rests 

Local anesthesia, preceded by luminal and morphine m small amounts, is the method 
of choice This is particulaily to be desired because the operator then can follow the fate 
of the facial nerve during the entire operative procedure, a matter of gieat importance, as 
will be discussed later The pain elicited from the cranial nerves to w'hich a tumor may 
be attached maj be abated or entirely avoided by placing pledgets of cotton moistened 
with 2 per cent procaine solution on the respective nerves, especially the trigeminus 

Unilateral exposure of the cerebellar hemisphere, as advocated by Dandy® in 1934, 
retaining a narrow^ bony rim at the foramen magnum, suffices A resection of the lateial 
thud of the cciebellar hemisphere has been found unnecessary, good exposuie usually 
being obtained by means of de Jilartcl's self-retaining retractor combined w'lth rotation 
of the opeiatmg table about an horizontal axis m the proper direction As a rule, the 
ventricular pressuie is diminished by puncture of a posterior horn of the lateral ventricle, 
the needle being left in place during the entire operation The dm a is then opened, the 
posterior or mcdullocerebellar cistern, if present, is emptied, and following the opening 
of the lateral pontine cistcin, the tumoi is exposed A small area of the exposed sur- 
face of the tumor is coagulated, and the mass of tumoi w'lthin its capsule removed with 
spoon and suction, as in the usual inti acapsular enucleation 

In Oliveciona’s owm words the complete extirpation is now carried out as follows 

“It is essential to push the pioccss of intracapsular enucleation as far as possible in 
Older to obtain ample room foi the maneuvers that follow To safeguard against per- 
foration of the capsule on the ventral side and possible injuiy to the facial nerve, it is 
customaiy to have a nurse obseive the face of the patient at frequent intervals If the 
operator gets too neai the nerve, tw'itching of the face occuis and further removal of 
tumor in this particulai region should then be abandoned 

“The fiist step in the removal of the capsule is the mobilization of its lowei pole 
The glossopharyngeal, vagus and accessory nerves are gently stripped fiom the lower 
pole, to whieh they aie sometimes slightly adherent The nerves are always elongated 
and dislocated by the tumoi, and it is a matter of sui prise that functional loss in the 
region of these nerves is rarely observed 

“An important blood vessel running to the tumor is often seen between or ventral to 
the above-mentioned nerves This little artery is a branch of the veitebral and should 
be doubly clipped and cut 
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“AVliile the ceiebellum is being held aside by de Martel’s automatic spatula, the 
opeiator now pushes the lowei pole upwards by means of a narrow brain spatula, and a 
search for the facial nerve is begun The nerve is most easily found near its emergence 
fiom the brain stem, and it is usually possible to recognize it as a flattened band of 
nerve tissue lunning alongside the brain stem for a few millimeters before it disappears 
below the ventral surface of the tumoi When the nerve is seen, its identity is confirmed 
by faiadic stimulation While the patient’s face is under constant obseivation the nerve 
is gently mobilized fiom the ventral surface of the tumor This is easily done until one 
reaches a point about half way between the brain stem and the porus, where rather firm 
adhesions between the facial nerve and tumor capsule are often encountered It may also 
be difficult to keep the nerve in full view at this point, and it may be necessary to reduce 
the bulk of the tumor b} fuither intiacapsular manipulations The course of the facial 
nerve is rather vanablc In most cases it runs fairly straight on the ventral surface of 
the tumor between the enieigence from the brain stem and the porus, in other cases it 
may be pushed so far in an anterioi direction as to be more on the anterioi than on the 
ventral suiface of the tumor In such instances it enters the porus at the anterior maigin 
instead of the usual point of entrance at the posterior, inferior margin If the facial 
nerve disappeais from view it is usually advisable to mobilize the tumoi from the porus 
so that the nerve may be identified at its point of entrance into the poius 

“The neoplastic tissue present in the poms can usually, after firm adhesions piesent 
alongside the superior maigin of the porus have been separated bj sharp dissection, be 
cleanly enucleated from the porus by a blunt instrument, such as a dissector On the 
ventral side the facial nerve is separated from the capsule of the tumor by a thin sheath 
of aiachnoid, the presence of which makes it possible to mobilize the lateral stalk of the 
tumor fiom the porus without injury to the facial nerve If the nerve is not seen at its 
point of entiance into the porus it can easily be localized bj means of faradic stimulation 
The neive is then dissected free from the capsule from outwards inwards until the nerve 
is completely fiee fiom the capsule in its entire couise The lemoval of the capsule 
should not be attempted until the dissection of the facial nerve is complete, otherwise the 
nerve is usually torn at some point where it is adherent to the capsule 

“The last adhesions between the tumor and the porus are now separated The 
petrous vein, which is always encountered along the superior, anterior margin of the 
porus, is clipped or coagulated and divided The trigeminal nerve is separated from the 
tumor by the same layer of arachnoid that separates the capsule of the tumor from 
the facial nerve Adhesions between the capsule and the trigeminal nerve are rarely 
encounteied and usually the nerve can be stripped fiom the capsule without difficulty 
“All important nerves now being out of the way, the capsule may be removed This 
should, whenever possible, be undertaken from outside inwards, i c , the lateral stalk of 
the tumoi is grasped with a broad-bladed forceps and gently pulled in dorsal and medial 
directions Between the emeigence of the fifth and the eighth neives from the brain 
stem the tumor is usually more or less embedded m the pons While pulling at the 
tumor the pons is gently stripped from the surface of the tumor, and the vessels coming 
from the basilar artery are clipped and divided as they are encountered If the capsule 
IS reasonably tough this procedure is usually carried out with ease and without injury to 
the brain stem, and the whole of the capsule comes away in one piece Sometimes, 
however, the capsule is very friable and breaks when the opeiator tries to pull on it 
In such cases it is usually necessary to remove the capsule m numerous small fragments 
Ecen this may be impossible on account of firm adhesions between the brain stem and 
the tumor As a last lesort a broad brain spatula is inserted between the tumor and the 
cerebellum and an attempt made to dislocate the tumor from within outwards This 
must be done with the greatest care in order not to damage the brain stem, and the 
attempt should be abandoned if too firm adhesions are encountered However, with 
increasing experience it has been found possible to remove the tumor in practically 
every instance i\here a radical operation was indicated 
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‘‘Following removal of the tumor theie is surpnsmgly little bleeding in the cavity, 
and what hemorrhage there is usually comes from veins on the lateral sui face of the pons 
Occasionally one or two bleeding points must be sealed with the cautery, but as a lule a 
few minutes’ packing with pledgets wet m hydrogen peroxide is all that is necessaiy to 
insure complete hemostasis The dura is then caiefully closed and the wound sewed 
up m laveis m the usual mannei 

“The same technic, as just described, was employed in the cases of subtotal lemoval, 
with the exception that fragments of the tumoi weie left behind attached to the pons 

“The technic of mtracapsiilar enucleation is earned out as desciibed above up to 
the point where the tumor is exposed , then the capsule must be mobilired ft om the 
cerebellum as far as possible It can be pulled out fioni its bed m the ceiebcllum a good 
deal, after giadual removal of its contents bj suction cuiettagc In this way the upper 
pole IS gradualh dislodged sufficiently out of the mcisuia tentorii to reestablish the fluid 
pathways, which is vcri impoitaiit The curetting can also be done much more coni- 
pleteh because of better Msibilitj In the olden dajs the tumoi w'as left entiiely m 
place and a ^erJ large pait usually lemamcd alongside the pons and most of the 
upper pole ’’ 

CoAiMENT — In almost all cases of acoustic netinnoma one oi the othei 
of the thiee types of opeiation descnbecl above is earned out Howevei, 
occasionally a cystic netinnoma is encoiinteied and heie a ladical pioceduie 
becomes unnecessaty, foi it suffices to empty the cyst, lemove tumoi fiag- 
ments which aie piesent in the cyst wall, and cautenze the cavity wuth 
Zenkei s solution oi some othei agent As fai as we know, cystic neu- 
iinomata have no tendency to leciii, a fact that has been obseived m follow^- 
mg up thiec patients opeiated upon by this less ladical method piioi to June, 
1930, all still symptom-fiee in June, 1939 

The choice of opeiative pioceduie depends also on a numbei of othei 
factors, such as age, sex, ])hysical and mental health, and social position of 
the patient Fiom a technical standpoint it must be kept m mind that sec- 
ondaiy opeiatioiis aie moie hazaidoiis than piimaiy ones, since the piesence 
of seal tissue entails gieatei dangei to the pons and, in addition, lendeis the 
saving of the facial neive w^ell-nigh impossible Consequently, the post- 
opeiative course may become more complicated and the moibidity inci eased 
An attempt at radical lemoval, theiefoie, should be made m all cases except 
those m which the tumoi is cystic 01 the patient’s life expectancy is shoit, due to 
old age, social conditions, hypei tension, 01 othei systemic illness Such an 
attempt does not mean that the facial neive is necessarily endangeied, because 
the decision as to whethei 01 not to pioceed ladically is not made until the 
lowei pole has been mobilized and the stalk divided at the inteinal acoustic 
poius, 1 e , befoie any haim has been done to the facial nerve If technical 
difficulties make it impossible easily to preset ve the facial neive, and its 
preseivation is iinpeiative because of the individual 01 social aspects of the 
case, then a bridge of tumoi tissue covering the facial neive fiom the poius 
to the pons is left behind, all othei visible tumor being lemoved This type 
of incomplete opeiation was recently earned out in an eldeily male with 
hypertension Furthei discussion of the pieseivation of the facial neive will 
follow later 
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Table I shows the frequency of the thiee types of opeiation in different 
yeais expressed m percentages 

Table I 

T\PES or OPERATIVE PROCEDURES AND THEIR RFI ATIVE FREQUENCI 



No of 

Intracapsular 

Subtotal 

Complete 

Year 

Cases 

Enucleations* 

Extirpations 

Extirpations 

1930-1931 

10 

80 0% 

0 0% 

20 0% 

1932-1933 

36 

16 7% 

16 7% 

66 6% 

1934-193S 

31 

6 5% 

29 0% 

64 5% 

1936-1937 

28 

32 1% 

21 4 % 

46 5% 

1938-1939 

25 

12 0% 

24 0 % 

64 0% 


* No intracapsular enucleation ■was done m 1939 

Talile I indicates that, except during the fiist two yeais, the ladical ap- 
proach with complete extiipation was the favoiite one in this clinic 

Postopetahve Com sc — The postoperative couise of the patients piesented 
no unusual features It may be mentioned, however, that in one instance (Case 
244 38) a postoperative hemoiihage occurred It so happened that m this 
paiticular case the facial nerve, which was seveied dm mg the operation, had 
been sutured Subsequent reopening, with evacuation of blood clot, resulted 
in new tearing of the sutured facial nerve and complete facial pai alysis ensued 
In no other case was the facial nerve sutured m the posteiioi fossa, and it 
was unfortunate that the postoperative hemorihage thus pi evented the study 
of the effectiveness of reunion of the facial neive However, it seems lea- 
sonable to assume that, barring accidents, such as mentioned above, tbe sutui e 
should have resulted m complete restoration of facial function, particulaily 
when one takes into consideration the recent thorough work of Tarlow,” who 
states that the transitional glial zone of the seventh nerve extends less than 
I Mm beyond the exit fiom the pons, or o8 Mm , to be exact 

End-Results — The statistical mateiial on end-iesults is based upon an- 
swers to a questionnaire sent to all suiviving patients in May, 1939 A 
prompt reply was received from 82 3 pei cent of the patients In practically 
all of the lemaining cases the lecords of the end-results were obtained from 
letters received within the preceding two months or thiough personal inter- 
view A few patients residing in distant parts were not heard fiom within 
this period 

The questionnaiie covered essential points relating to ceiebellai disturb- 
ances, such as difficulty in walking, involvement of the cianial neives, par- 
ticularly of the facial, musculai weaknesses, and, above all, the earning 
capacity of the patient In 39 2 per cent of the cases the patients coopeiated 
to the extent of sending photographs of themselves to show the present state 
of facial nerve involvement 

List,“ in a paper on acoustic tumors, has divided his mateiial into foui 
gioups, each group representing a certain developmental stage of the disease 
In our series most of the cases happen to fall in the fairly advanced group 
described by List as Stage III, since the roentgenologic examination showed 
changes at the internal acoustic porus in 81 5 per cent, and choked disks were 
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present in 908 pei cent of the 130 cases It has seemed moie desiiable, 
theiefoie, in the piesent study to divide the mateiial into thiee groups accoid- 
ing to the paiticulai opeiative piocedure employed The end-iesults m each 
gioup ^Ylll be discussed, with emphasis placed upon the following (t) Moi- 
tahty, (2) facial paialysis, and (3) earning capacity 



Tig 4 — Cise 482 38 Showing piticnt 10 months after a complete extirpation, with 

presere ation of the facial neree 

(i) Moitahty — The total number of opeiations was 133 in the 130 cases 
In Case 297 31 an intiacapsulai enucleation pieceded a complete extiipation, 
and m Case 2518 35 two subtotal operations had been earned out befoie the 
tumoi uas finally lemoved radically The lesults aie shown in Table II 

Table II 


MORTALITX STATISTICS IN I3O CASES OE ACOUSTIC NEURINOMV 



No of 

No of 
Opera- 


Cases 

tions 

Complete extirpation 

75 

75 

Subtotal extirpation 

27 

29 

Intracapsular enucleation 

28 

29 


Operative 

Case 


Late 

Mortality 

Mortality 

Mortality 

(14) 18 7% 

(14) i5 7% 

(4) 

6 6% 

(6) 20 1% 

(6) 22 2% 

(1) 

4 8% 

(8) 27 6% 

(8) 28 6% 

(4) 

20 0% 


The higher opeiative mortality peicentage among the intiacapsulai enu- 
cleations may be explained by the fact that this pioceduie was most often 
undertaken during the eaily years of the clinic (cf Table I) 

At this point It may be of interest to refei to the moitahty statistics of the 
first 34 cases of intiacapsular enucleation, as lepoited by Ohvecrona, at the 
Third International Neurological Congiess, m Copenhagen, in 1939 (Table 
III) These cases, as has been pointed out, aie not included in the piesent 
series 


Table III 


MORTALITY STATISTICS IN 34 CASES OE INTRACAPSULAR ENUCLEATION 
OPERATED UPON PRIOR TO I930 


Status in 1934 
Status in 1939 





Av 

Av 



Died Later 

Survival-Period 

Survival-Period 

No of 

Operative 

of 

of Patients who 

of Patients Still 

Cases 

Mortality 

Recurrence 

Died Later 

Alive 

34 

(9) 27 7% 

(12) 48% 

3}^ yrs 

S yrs 

34 

(9) 27 7% 

(14) S6% 

yrs 

10 yrs 


The immediate mortality in the two series of intracapsulai opeiations 
(Tables II and III) is the same In the second series of 28 intracapsulai 
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opeiations (Table II) theie weie foui late deathb, i c a 20 pei cent moitality 
among the suivivors That is appaiently a much bettei result than m the 
hist senes (Table III) m which the coiiesponchng figuie was 48 pei cent 
mortality among the suivivors five yeais aftei the initial opeiation, and 56 
pel cent ten )^eais aftei Howevei, if we exclude m the second senes (Table 
II) the patients opeiated upon in 1937 and 1938, it becomes obvious that the 
low late mortality is due to dilution of the mateiial with the moie iccent 
cases, as showm in Table IV 

Table IV 

MORTALIT\ STATISTICS IN 21 CASES OE INTRAC M SUL \R ESUCI I \TION 
OIERATED UPON BETWEEN 1930 AND 1037 

No of Operatne Late 

Cases Mortality Mortality 

21 (7) 33% (4) 28 % 

By excluding the lecent cases the late moitality is inci eased fiom 20 
per cent (Table II) to 28 pei cent (Table IV), and it seems leasonable to 
anticipate an evei highei late moitality peicentage as time goes on Thus, in 
anothei five yeais, the difteience between the late moitalit}', as gi\en in 
Table II, and that lepiesented in Table III, may deciease 

The subtotal 0 pa at ions show much bettei icsults and even if the 1937 
and 1938 cases are similarly excluded, the late moitality peicentage is still 
fairly low (Table V) 

Tabli V 

MORTAIIT\ STATISTICS IN IS CASES OE SUBTOTAL EXTIRPATIONS 
OPERATED UPON BETAAIEN 1930 AND 1937 

No of Operative Late 

Cases Mortality Mortality 

IS (4) 27% (l) 9% 

In the group of complete e\tu patious the possibility of a lecunence is so 
slight that the time element need haidly be consideied This is home out by 
the fact that even though the late moitality in this gioup is foui, oi 6 6 
per cent, in only one case, oi i 6 pei cent, could death possibly be attributed 
to a recurrence, though it haidly seems likely, as evidenced by the following 
autopsy report from the pathological Institute in Uppsala Unfoitunately the 
brain alone was examined 

Case No 1058 34 — A tumor, the sire of a laige pea, was seen compressing the floor 
of the fourth ventricle and lateral aspect of the medulla oblongata Histologically, the 
tumor has the appearance of a young neurinoma At the site of operation a large area of 
old softening with glial scar tissue is seen Except for senile involutions no other 
pathologic changes were noted (Doctor Gellerstedt) 

The other three patients died from the following causes 

(1) Cancer of the stomach, one and one-half years follownng the opeiation 
No evidence of recurrence of acoustic tumoi to time of death 

(2) Parotitis, septicemia, and psychosis, foui yeais after the operation 

(3) Old age (74), SIX years after operation No definite evidence of 
recurrence 
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In the subtotal and intiacapsulai gioups the late moitahty was, m eveiy 
instance, caused by lecinience of the tumoi as lai as could be detei mined 
In Table \T aie given the deaths fiom iccunence ^Mth the average sur- 
vival-peiiod foi each type of opeiation 

TAmc VI 

NUMIibR OI ULATItb 1 ROM RI CUARPNCI S IN IHC THRLE TM'I S OI OPERATIONS 

Intracapsular Subtotal Complete 

Enucleation'; Extirpations Extirpations 

Death from rcciirrcnccj (4) 20% (i) ^ At) t 6% 

Average sirin il-period in late deaths ainom; recurrences 4’^ yrs 4 yrs 6 yrs 

The development m technical skill m peifoimmg complete extnpations, 
thiough the yeais, may be demonstiated by Table VII, in which the cases 
have been dnided aibitiaiily into gioups of cnca 19 each A moitahty of 
II per cent dm mg the last two }eais indicated m Table VII shows the piesent 
tiend, and, m the opinion of Olneciona, a moitahty of even less than 10 pei 
cent will, m all piobabihty, be attained m the futuie In this connection it 
may be mentioned that no fataht}^ has occuned among the last 16 cases opei- 
ated upon wuth complete extnpation of the tumoi 

T\i)ee VII 

MORTAIITT STMIsriCS IN COMPUTE I NTIRPATIOSS IN TWO TEAR INTI R\ AES 



Year 

No of Cases 

Opera tne 
Mortality 

Case 

Mortality 

Died 

Later 

Group I 

1931-1933 

1-19 (incl ) 

26 3% 

26 3% 

I 

Group II 

1931-1035 

20-38 (incl ) 

21 i 7 o 

21 1% 

I 

Group III 

1935-1937 

39-57 (incl ) 

21 1% 

21 1% 

2 

Group IV 

1937-1039 

58-75 (incl ) 

11 1% 

II 1% 

0 


THE FATE OF 

THE FACIAL 

NERVE 




(2) Facial Paialysis — The most common and obvious defect following 
ladical lemoval of an acoustic tumoi is a homolateial facial paralysis This 
facial disfiguiement, cvhich at best can be only incompletely impioved by the 
vaiiotts plastic and anastomosing opeiations, is always a veiy unpleasant 
sequela to an otheiwise successful opeiation. and may have veiy grave con- 
secpiences foi the individual Caieeis have been luined because of the pies- 
ence of such a seiious handica]) The hazaids to which the facial nerve is 
exposed vary with the t>pe of opeiation pei formed In the inhacapsula) 
piocedure theie is much less dangci of seveimg the neive than 111 either of 
the two othei pioceduies As a mattei of fact, with the piesent technic of 
having the patient’s face constantly undei obseivation dm mg the operation, 
the opeiatoi always know^s w^hen he gets too near the neive If twitching of 
the face ocems, fuither lemoval of tumoi in this paiticular legion is aban- 
doned Thus the facial nerve may be saved in piactically every instance 
In the subtotal pioceduie the facial neive is identified in most cases aftei 
the lowei pole of the tumoi has been mobilized and the stalk cut at the poi us, 
and with the lecent impiovement m technic it is hoped that seveimg of the 
facial neive in this gioup will be the exception lathei than the lule 
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In the complete piocedure the danger of cutting the facial nerve is great- 
est Its identification is almost always possible during the operation, but 
whcthei 01 not the neive can be saved depends on the skill of the operator 
and anatomic conditions plus some luck 

The fiist attempt m this clinic''' to save the facial nerve m a case of com- 
plete extirpation was made on January 4, 
1937 Since then there have been 23 com- 
plete extirpations (up to June, 1939), and 
the facial nerve has been saved, anatomi- 
cally, in 15 instances (65 2 per cent) It 
should be noted that all the patients in 
whom the nei ve was saved had a complete 
postopei ative facial paialysis except one 
(Case No 271 39) The paral3rsis gradu- 
ally diminished, usually within three 
months to a year Some of the 1 esults are 
shown in the following photographs of pa- 
tients taken at various intervals after com- 
plete extirpation of the acoustic tumor In 
some of the cases in which the facial nerve 
had been saciificed a Lexei plastic opera- 

tion was perfoimed, but m the majority of 

cases an anastomosis between the facial 
- 51 and the accessoi y nei ves was cai 1 led out 

.eeJ'afurwmpkte 'removal ofn^unnoma' The latter procedure IS definitely superioi 
vith pieservation of the facial nerve formci and was performed m a total 

of 29 cases 111 the complete and subtotal groups, but nevei in the mtracapsular 
gioup The mam effect of an anastomosis is abolition of atiophy of facial 
muscles and lestoiation of tonus Facial movements aie not restoied but at 
least the eye can be closed by moving the shoulder 

(3) Eaiiuiig Capacity — The ultimate aim of any opeiation is, of couise, 
to letuin the patient to health and social usefulness To what extent this aim 
has been fulfilled aftei each of the thiee types of opei ative proceduie will be 
desci ibed 

Fust It may be stated that meie inability to obtain woik has not been 
accepted as sufficient leason foi placing the patient m the categoiy “unable to 
noik” The ciiteiion used in detei mining a patient’s inability to woik has 
lieen the piesence of mfiimities such as pooi vision, maiked cerebellai dis- 
tui bailees, motoi weakness, including that of the face, 01 any combination of 
these thiee, as well as total 01 nearly total invalidism 

The question of moibidity, then, as expiessed m teims of capacity foi 
noik following each type of opeiation, is illustiated 111 Table VIII, in which, 

* Pieviously, the facial nerve had been saved, but merely by chance, m two cases 
(Nos 3278 35, 323s 33) 
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for the sake of completeness, the opeiative moitahty as well as the numbei 
of late deaths are also shown 


Table VIII 

MORTALITY AND MORBIDIT\ STATISTICS IN THE THREE T\PES OE OPERATIONS 

Oper- Earning 




No of 

ative 

Case 

Late 

Full 

Capacity 

Unable 


No. of 

Oper- 

Mortal- 

Mortal- 

Mortal- 

Earning 

Dimin- 

to 


Cases 

ations 

ity 

ity 

ity 

Capacity 

ished 

Work 

Complete extirpations 

7 S 

75 

18 7 % 

18 7% 

6 6% 

14 3 % 

66 1% 

19 6% 

Subtotal extirpations 

27 

29 

20 1% 

22 2% 

4 8% 

IS 0% 

70 0% 

IS 0% 

Intracapsular enucleations 

28 

29 

27 6% 

28 6% 

20 0% 

37 5 % 

37 5% 

2S 0% 


Table VIII demonstiates a faudy good showing in legaid to moibidity in 
the intiacapsiilai gioup This is, howevei, laigely due to the cases in which 
death has aheady occiiiied fioin lecuiience An additional factoi is that 
some of the tumois aie stationaiy m then giowth Doctoi Ohveciona esti- 
mates that 10 to 20 pel cent of acoustic neuiinomata lemain stationai}'’, but, 
unfoi tunately, theie is no way of telling befoiehand, on pathologic giounds 
oi otheiwise, just which tumoi will stop glowing except ^^hen it is of the 
cystic vaiiety It appeals leasonable to assume, then, that in the couise of 
time in the mtiacapsulai gioup only the patients with stationaiy tumois aviII 
lemam alive, and that among the suivivois most of the patients who weie not 
aheady blind befoie opeiation will have full earning capacity 

In the gioups of subtotal and complete extnpations the majoiity of the 
patients have some defect limiting then capacity foi woik The commonest 
of these defects aie pooi vision, facial disfiguiement, ceiebellar distuibances, 
and geneial weakness, less common aie keiatitis, sensoiy distuibances of the 
face, including tic doulouieux, which occuried postopei atively in two in- 
stances, hoaiseness, wdiich peisisted foi several yeais in one case, and an 
occasional example of mental disturbances 

In evaluating Table VIII the longei time necessaiy foi convalescence and 
leeducation follownng a subtotal oi complete extiipation should be home in 
mind , reeducation may take even as long as two years Also, Table VIII 
includes eaily cases, m which opeiation was peifoimed at a time wdien the 
technic was compai atively ciude, lesultmg m some instances m seveie ceie- 
bellai disturbances, and in two cases m a moie oi less complete Wallenbeig 
syndrome The results of inci easing expeiience m the technic of complete 
extiipation are given m Table IX 


Table IX 


MORTAl ir\ 

AND MORBIDITX 

STATISTICS IN COMPLETE 

EXTIRPATION, 

IN intervals or two 

\ears 




Full 

Earning 

Unable 


No of 

Case 

Earning 

Capacity 

to 

Year 

Cases 

Mortality 

Capacity 

Diminished 

Work 

1931-1933 

19 

26 3% 

7 7 % 

69 2% 

23 1% 

1933-193S 

19 

21 1% 

14 3% 

SO 0% 

35 7% 

I 93 S-I 937 

19 

21 1% 

21 4 % 

SO 0% 

28 6% 

1937-1939 

18 

11 1% 

6 3 % 

8 i 3% 

12 4% 


Table IX shows that dining the years 1937-1939 only 12 4 pei cent of the 
patients were completely unable to work, and this was due mainly to poor 
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vision, which was piesent piioi to the opeiation It is quite ceitain that a 
laige numbei of the patients of the last two yeais, who at the piesent have 
diminished capacity foi woik, will legain, when then i^eriod of leeducation 
IS over, full eai ning capacity 

In Table X a summaiy is given which includes a statement as to the pa- 
tients’ ability to walk, togethei with the peicentage of blindness and clinical 
signs of lecuiience It shows that the majoiity of surviving patients have 
1101 mal gait and station, m othei woids that ceiebellai disturbances aie not 
a majoi pioblem and of less significance than one might have expected 


Table X 


A SUMMARA Or END RESULTS IN THE THREE TAPES OE OPERATIONS 


Complete extirpa 
tion 

Subtotal extirpation 
Intracapsular enu 
cleation 


No of 

Case 

Mor- 

Died 

Tull 

Earn 

mg 

Capac 

Earn 

mg 

Capac 

ity 

Dimin 

Unable 

to 

Walks 

Nor 

Walks 

with 

Unable 

to 


Clin 

ical 

Signs 

of 

Recur 

Cases 

tality 

Later 

ity 

ished 

Work 

mally 

Stick 

Walk 

Blind 

rcnce 

75 

18 7% 

6 6 % 

14 3 % 

66 1% 

19 6% 

54 4 % 

42 1% 

3 5 % 

5 0% 

0 0% 

27 

22 2% 

4 8% 

IS 0 % 

70 0% 

15 0% 

65 0% 

30 0 % 

5 0% 

5 0% 

10 0% 

28 

28 6% 

20 0% 

37 5 % 

37 5 % 

25 0% 

5° 0 % 

37 5 % 

12 5 % 

10 0% 

IS 0% 


Finally, it may be mentioned that List, in studying the capacity for i\oik 
in Cushing’s senes of 125 followed-up suivivois, found that 47, 01 376 
pel cent, had full or diminished earning powei The conesponding figuie 
m the present senes of 103 followed-up suivivois is 78, or 757 per cent, 
exclusive of the convalescent cases 

Summary — A suivey has been made of 130 cases of acoustic neurinoma 
opeiated upon dining the yeais 1930-1939 In addition, a detailed descnp- 
tion IS given of the operative technic foi saving the facial nerve in cases of 
complete lemoval of the tunioi An analysis of cnd-iesults is included, with 
paiticular reference to mortality statistics, the fate of the facial iieive follow- 
ing opeiation, and the earning capacity of suivivmg patients 


CONCLUSIONS 

(1) In this series of 130 cases of suigically veiified acoustic neuiinoma, 
the youngest patient was 18 years of age and the oldest 68 The aveiage age 
of the entire gioup is 42 3 yeais 

(2) Seventy-nine, 01 608 pei cent, weie females, 51, 01 392 per cent, 
weie males 

(3) The acoustic neive was involved in 99 2 pei cent of the cases, nystag- 
mus was present in 96 2 pei cent, choked disks wei e found in 90 8 pei cent, 
and 1 oentgenogi ams were positive in 81 5 pei cent, as evidenced by changes 
at the internal acoustic meatus 

(4) Improved operative technic has loweied the moitality late to ii i 
pel cent in the gioup of complete extiipations dining 1937-1939 

(5) Complete removal of the tumoi is the operation of choice when deal- 
ing w ith an acoustic neui moma because 

862 



Volume 115 
Number 6 


ACOUSTIC TUMORS 


(a) Ream dices aie laie 

(b) The dangei of secondary liemoirhage is much less than in incom- 
plete lemoial, and 

(c) The piesence of scai tissue m secondaiy opeiations inci eases the 
element of dangei and makes saving of the facial nerve almost 
impossible 

(6) Radical icinoval should be atfcuipfcd lu all cases except in those in 
which the tiimoi is cystic or the saving of the facial neive imperative 

(y) II the saMiig of the facial neive is impeiative an almost complete 
extiipalion ma\ still be possible by leaving a budge of tumoi tissue coveimg 
the facial neive fiom the internal acoustic poms to the pons 

(8) The facial neive may be saved in piactically all cases of intiacapsular 
enucleation In the gioup of subtotal extiipation, impioved technic has made 
saving of the facial neive possible in the majoiity of instances When com- 
plete extiipation was peifoimed the facial neive was spaied in 15, 01 65 
pci cent, ot 23 cases opeiated upon dining 1937-1939 

(9) The moihidit), / c , the degiee of infiimity, as expiessed m inability 
to woik, has been low'eied to 124 pei cent in the gioup of complete extiipa- 
tions dining 1937-1939 

(10) Of the 103 siuvivois follow ed-up, 78, 01 757 pei cent, had full or 
diminished earning powei, exclusive of the conialescent cases 

I wish to cxpicss nn appi cciation to Professor Olivecrona for the privilege of 
making tins stuck 
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At the turn of the present century spinal anesthesia became recognized 
as a well-accredited procedure with such men as Bier, Furstei and Jonnesco, 
m Em ope, and Babcock, in this country, as its staunchest supporters Each 
one of these writers alluded to ocular palsies as a lare complication Since 
this tune, howevei, involvement of every one of the cranial nerves excepting 
the olfactoiy, glossophai yngeal and vagus has been reported as a postspinal 
complication The abducens nerve is found to be affected m well over 90 
per cent of all cianial nerve paialyses following lumbar anesthesia Statistics, 
as piesented by some authors, point to the incidence of paralysis of the 
abducens neive as high as i pei cent of all spinal anesthetics (Teiiien’^) 
Cantonnet- and Fiangois^ speak of it as occuinng once in eveiy 250 cases 
Wh}'- IS It that duiing the past ten yeais only occasional cases aie reported^ 
It can be explained in any one of thiee ways First, that our present technic 
and diugs have piactically eiadicated this rathei disturbing complication, 
second, that these paialyses do occui but aie not being recognized, and, third, 
that these cases do occui, are recognized, but are not being reported 

In 1906, Musham^ and Landow® reported cases, and, m 1910, Reber,® 
in addition to his own five cases, reviewed the hteiature and found 36 cases 
at that time It is surprising how little has been added insofai as the 
pathogenesis and therapy are concerned since the early authors presented 
then views dm mg the first decade of the piesent century Blatt,’’’ in 1928, 
spoke of 87 cases, and during the same yeai, at the Surgical Congress in 
Pans, ten additional cases were reported, giving a total at that time of 97 
cases in all Since 1928, appi oximately 30 cases have been repoited, with 
DiMaizi having the largest series, consisting of seven 

The etiology of abducens neive paialysis is still not cleaily undei stood 
Numeious theoiies have been advanced by vaiious men, with many argu- 
ments in favoi of each Howevei, it appeals that theie are thiee geneial 
points to be considered 111 the pathogenesis, via (i) Fiequency of paralysis 
of the abducens over othei cianial neives (2) Immediate etiologic factois 
( 3 ) The role played by pi eexisting diseases 

As stated above, ovei 90 per cent of all cianial neive paialyses develop- 
ing aftei a spinal anesthetic involve the abducens This is piobably due to 
the fact that the abducens nerve has a long couise at the base of the skull, 
passing aiound the apex of the petrosal poition of the tempoial bone The 
long comse of this neive, its close relationship to a bony prominence, and 
the extieme naiiowness of the foramen thiough which it has to pass, make 
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it extiemely vulneiable to enviionmental changes This may explain the 
fiequency of paialysis of the abducens neive in such conditions as meningitis, 
hi am tumois, and diseases of the cential neivous system 

The vaiious immediate etiologic factois that may play a pait m paialysis 
of the abducens neive following spinal anesthesia are as follows 

(1) Mechanical 

(a) Changes m piessuie of the spinal fluid 

(b) Changes m blood piessuie 

(2) Toxic 

(a) Local, dnect 

(b) Reflex 

(c) Geneial 

(3) Inflammatoiy 

Those who belic\e the theoi} of mechanical causation base then aigu- 
mcnts on such points as the fact that paialysis of the abducens neive has 
occiiiied following oidinaiy spinal punctuie, with no intioduction of any 
foieign mateiial It is well-known that the piessuie of the spinal fluid 
changes following spinal anesthesia DiMaizi believes that this complica- 
tion occuis in those individuals vho piioi to the anesthesia, have existing 
h) pel tension of the spinal fluid The abducens neive, alieady paitially de- 
piived of Its leseive by the piessuie to which it has been subjected, loses 
its abilit} to withstand fuithei inciease in spinal piessuie following the 
anesthetic He maintains that theiapeutic lumliai laps definitely amehoiate 
the subjective complaints and clinical findings Some individuals still be- 
lieve that It IS the constant leakage of spinal fluid, with lesulting hypotension, 
that uill explain the pictuie Otheis think that the diop in blood pressuie 
produces an anemia of the bulbai centeis, vith the abducens neive being the 
most susceptible The abo\e, howevei, will not explain the pi epondei ance 
of unilateial lesions 

In consideimg the toxic factoi we lefei essentially to the diugs used as 
anesthetic agents Blatt’s leview listed the following chugs as being the 
agents responsiljle m a senes of 97 cases of oculai palsies Stovaine 64 pei 
cent, novocain 26 pei cent, li opococame 7 pei cent, cocaine 3 pei cent In our 
cases nupeicame (i 1,500) and pontocame (i pei cent) weie the diugs em- 
ployed 

Since the exact site of the pathologic piocess is still theoietical, the toxic 
action may be subdivided 111 the following mannei (i) Local, (2) leflex, 
and (3) general By local toxic action is meant that the agent acts directly 
upon the nuclei 01 the neives Spielmeyei’’ obseived ceitam changes at post- 
mortem and lepioduced, expei imentally, in the dog and monkey the follow- 
ing findings (i) Widespiead lesions of the laige anteiioi horn cells, and 
(2) evidence of degeneiation thioughout the entiie length of the posterior 
columns as well as the posteiioi loots He believed that there is a direct 
toxic action on the axon cylindeis with subsequent secondary letiograde 
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degeneiation of the ganglion cells Perhaps this would explain the delayed 
appeal ance of abducens nerve paralysis Lundy and his co-woi kei s’^® studied 
the changes in the spinal coid of dogs pioduced by a dose of procaine suffi- 
cient to cause peiinanent and fatal paralysis They found peripheral degen- 
eration of the myelin in the anteiioi, lateial and posteiior columns of the 
spinal cord This woik differed fiom that of Spieimeyei ’s in that no lesions 
weie found in the neive loots oi nerve cells 

The theoiy of reflex toxic action is based upon an occasional associated 
labyimthme distuibance It is thought that this manifestation could be due 
to a toxic absoiption with subsequent leflex abducens nerve involvement 
Because of the selective action of ceitain agents on nerves such as 
(a) diphtheiia toxin foi the soft palate, (h) lead foi the radial neive, (c) 
atoxyl for the optic neive, and (d) eigot foi the posterioi cord, it is believed 
by analogy that possibly the toxic anesthetic agent is absoibed into the gen- 
eial ciiculation and then makes its way to the specific site of action If this 
IS true, howevei, the lesions should be hilateial, and ceitainly should occui 
following subcutaneous and intiamusculai injections of these agents 

The inflammatoiy theoiy infeis a low-giade meningitis pioduced by oigan- 
isms of low toxicity Its strongest suppoiteis give gieat value to cases of 
oculai paialyses following the mtioduction of an into the ceiebial ventiicles 
for encephalographic pui poses 

Pieexisting diseases have been condemned as definite etiologic factors 
In passing we mention lues, meningitis, hypophyseal tumois, hypei thyroidism 
and neui opathologic states as having been accused as predisposing at some 
time or other 

Paialysis of the abducens neive is usually pieceded by a peiiod of head- 
ache, dizziness, nausea, stiff neck and photophobia, following which diplopia 
appears The paialysis occurs fiom three to 21 days after the administra- 
tion of the spinal anesthetic, as shown by the following data 3-6 days, 45 
per cent, 7-10 days, 30 pei cent, 11-15 days, 15 per cent, 16-21 days, lO per 
cent The diagnosis is easily made because of the lestriction of outward 
oculai movement and unciossed diplopia It was at one time thought that 
the left neive was moie fiequently involved than the light but statistics fail 
to substantiate this point Women aie definitely moie pi one to develop this 
complication than men The ratio of unilateial to bilateial lesions is 3 i The 
duration of the above paialysis is shown as follows 4 weeks, 54 pei cent, 
5-8 weeks, 26 pei cent, 9-12 weeks, 10 pei cent, 3-12 months, 10 per cent 
The prognosis is usually favoiable, with giadual subsidence of subjective 
complaints and clinical findings Blatt, howevei, is less optimistic and main- 
tains that, although one may expect a ‘UestihiUo ad mtegunn” occasionally 
this complication may reactivate an existing iieui opathologic condition which 
may prove fatal 

There is no specific therapy foi paialysis of the abducens nerve following 
spinal anesthesia The tieatment is entiiely palliative and usually aids in 
making the patient moie comfoi table A spinal tap should be performed 
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and if the fluid is undei inci eased pressuie (manometiic leadings) then a 
sufflcient amount should be lemoved in oidei to obtain a noimal leading — 
5—15 cm of watei The paialyzed eye should be covcied in oidei to lemove 
the distiessing diplopia This, howevei, should be limited to the shortest 
possible time because of the fact that exclusion of the fusion tendency pie- 
vents a compensatoiy mneivation, and aids in the development of secondary 
contractuie Galvanic tieatment, although much employed, is helpful only 
as a psychothei apeutic measuie Because of the dangei of injuimg the 
retina, the cuiient must be so weak that it does not pioduce a contraction 
even of the noimal muscles of the eye Resection and lecession of the muscles 
should not be lesoited to foi a peiiod of two yeais if the muscle has failed 
to leestabhsh itself 

The followung is a lesume of the two cases of paialysis of the abdncens 
nerve occurring in oui hospital following spinal anesthesia 

Case I — V R , white, male, age 48, was admitted to the hospital, August 28, 1939, 
with the chief complaint of protruding hemorrhoids Physical examination showed, m 
addition to the thrombosed hemorrhoidal veins, bilateral polyc> stic kidneys A Mosenthal 
test revealed a fixed specific gravity at approximately i 010 

Operation — Septembei 7, 1939 Eight cc of nupercame (i 1,500) was injected into 
the subarachnoid space between the second and third lumbar spaces After waiting 30 
minutes it was observed that no anesthesia W’as obtained, and the hemoi rhoidectomy was 
performed after injecting novocain locally The operative course was uneventful, the 
duration was 35 minutes 

Postoperative Course 
First and second dajs No complaints 

Third and fourth days Patient complained of severe fiontal headaches 
Fifth day In addition to the headaches the patient first complained of double 
vision w'hich was exaggerated on looking to the right side At this time, a 
spinal puncture was done, and the fluid was obtained under pressure of 6 cm of 
w'ater It showed five cells per cubic millimeter The Pandy test for globulin 
was negative Examination of the fundi showed normal findings , pupils reacted 
to light and accommodation , no nvstagmus Paralysis of the right external 
rectus muscle \vas very obvious 

By the ninth postoperative day, the headaches had gradually subsided but it was 
not until the twenty-third dav that the patient was free from diplopia, and at that time, 
occasionally, while looking off into the distance he experienced blurred vision When 
the patient was discharged, on the twenty-foiii th postoperative day, paralysis of the 
abducens nerve had entiiely disappeared A three-month follow-up revealed the patient 
free of symptoms 

Case 2 — W B , white, male, age 17, was admitted to the hospital, September 5, 
1939, with an undescended right testicle Tempeiature 986° F, pulse 90, respirations 20, 
blood pressure 130/90 Physical examination was entirely negative other than that the 
right testicle was found in the inguinal canal 

O/ieiafion— September ii, 1939 A first-stage Torek was performed under spinal 
anesthesia Pontocaine (i per cent solution), 12 cc plus i 2 cc of spinal fluid, was 
injected between the third and fourth lumbar vertebrae The anesthesia was entirely 
satisfactory, with the height obtained being equivalent to the level of the tenth dorsal 
nerves The duration of operation was 60 minutes The anesthetic course was uneventful 

867 



HAYMAN AND WOOD 


Annils of Surgery 
M a j 19 4 2 


Postopci ativc Coin sc 
Fust and second days Uneventful 
Thud to fifth davs Intel mittent headaches 

Sixth day Patient complained of diplopia, particularly on looking to the right 
Spinal punctuie revealed the pressure to be apparently noimal (no manometne 
leading) Cytologic examination revealed two cells pei cubic millimeter The 
Pandy test was negative Phj sical examination showed normal fundi and visual 
fields The left pupil was slightl}' larger than the right and both leacted well 
to light and accommodation Parilysis of the right external rectus muscle was 
present 

The headaches disappeared by the seventh day , the diplopia persisted but gradually 
became less pionounced At time of discharge (twenty-first da>) the patient complained 
of diplopia only when looking fai into the distance 

An inteiesting point in the fiist case is that no anesthesia was obtained 
and yet paialysis of the ahducens neive ensued What ina}’^ be deduced 
fiom this obseivation^ It ceitainl}' points against the theoi}’^ of a diiect 
toxic action With the absence of fevei , with the piesence of negative 
cytologic findings, and with the blood counts noimal, the theoiy of low giade 
inflammation as a causative factoi seems i emote It is oui contention that 
paialysis of the ahducens neive following spinal anesthesia is due to a distui fi- 
ance in dynamics of the spinal fluid The mechanics of this leaction aie still 
unknown 


SUMMARY AND CONCLUSION 

The clinical aspect of paialysis of the ahducens neive complicating spinal 
anesthesia is discussed Two cases aie piesented 

The etiology of the complication is still unknown, howevei, w^e believe 
that the problem will fie solved on the basis of a distiii fiance in the dynamics 
of the spinal fluid duiing spinal anesthesia 
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THE DEFORMED CHIN AND LOWER JAW 

Saimuel L Sciier, M D 
New \ohk, N Y 

Till hociAi Asi’rns of plastic suigei}^ aie of wide iniplication, and have 
been le^lc^\ed In the cUilhoD clsewheie Suffice it to say that a defoimed 
chin and lowei jaw aie most detinnental to one’s appeal ance, and fiequently 
such stigmata cause an mfciioiity complex m the individuals so afflicted, and 
they lefuse to lead a noimal social life These unfoitunates and the public 
have eiioneously heaid that a leceding chin denotes w^eakness of chaiactei 
The la} man believes, theiefoie, that the dimensions of the chin give the face 
a chaiactei istic expiession of w'eakness oi stiength 

Plastic lepaii of the defoimed nose has become an impoitant and giati- 
f\mg piocedtuc Its piogiess has licen lesponsible foi the demand and 
nccessitv foi the collection of othci facial featuie defects to make them hai- 
inoin/e with the nasal lejiaii and thus to cieate piofile haimony In cases 
ot a combined laige nose and leceding chin (Figs 5 and 6), much can be 
accomiibshed by the lemoval of the nasal hump follow^ed by the tiansplanta- 
tion of the hump ovei the fiont of the mandible 

The object of this papei is to eAaluate the methods m use at piesent foi 
the collection of chin and low^ei jaAv defoimities, and to show^ what w^e may 
expect fiom the suigical collection theieof We shall not considei opeiative 
pioceduies that ha\e been discaided, but only those wdiich, aftei long expe- 
iience, have pioved then value It behooves the suigeon to develop one 
method and to peifect his technic lathei than to use seveial methods with 
confusion and pooi lesults This piesentation does not include conditions 
aiismg fiom bum cicatiices, loss of substance, and disease, as the lepaiative 
suigeiy of such would involve a sepaiate lengthy disseitation In any plastic 
pioceduie, w^e stiive tow^aid a double goal It is axiomatic to have func- 
tional adecjuacy and esthetic peifection In the topic undei discussion these 
two aie complementaiy, because we cannot have peifect facial contoui unless 
the teeth and mandible aie faultless in occlusion- Any degiee of piotiusion 
01 retiusion of the mandible wnll affect the facial contoui The function 
of the mandible depends upon its contact with the supeiioi maxilla In 
othei w 01 ds, the teeth of the maxilla and the mandible must pi opei ly occlude 
In piognathism, the lower jaw is too fai foiwaid, and is usually accompanied 
by undei development of the supeiioi maxilla In mandibular lecession, 01 
letiusion the low^ei jaw is too fai backwaid Uneven development of the 
sides of the mandible pioduces lateial asymmetry and impel feet lateial occlu- 
sion The individual so affected has a tremendous functional disability, so 
fai as mastication is concerned'* The use of piosthesis and oithodontics are 
satisfactoiy in only the ininoi defoimities The oithodontist is only success- 
ful, at best, w^lien he is able to begin tieatment eaily in life Since mandib- 
ulai defoimities aie piogessive dining the peiiod of development, they 
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should be tieated as soon as the permanent teeth ciupt In most cases 
wheie the oithodontist has nnpioved function, the lesidual chin recession 
usually peisists and necessitates plastic repaii 

Reconstruction Program — Thcie aie thiee distinct peiiods oi phases 
of jaw leconstiuction The pieoperative period, the opeiation itself, and the 
postopeiative tieatment In the fiist phase, it is necessarj'’ to lule out any 
existing infection oi systemic disease Also, dining this phase, plaster casts 
aie made of the uppei and lowei teeth, as this is an aid in computing the 
occlusion aftei section of the bone Rocntgenogi ams aie made (i) to deter- 
mine the condition of the teeth which aie to hold the splints foi postoperative 
fixation, (2) to show any infected aiea, and (3) to visualize the location of 
the mandibulai foiamen, injuiy to which must be avoided in oidei to pie- 
seive the blood and neive suppl)'- of the teeth As a mattei of lecoid and as 
an aid in piepaiing the case, photogiaphs aie taken depicting the face from 
all angles In cases of leti tided chin, a plastei cast of the face is made on to 
which modeling clay may he added to deteimine the amount the chin is to 
be brought foiwaid Thus, the size and shape of the tiansplant to he used 
IS cahbiated The technic of the opeiation itself is explained subsequently, 
and the jjostopeiative tieatment will be desciibed undei the topic ti eating 
each defoimity 

Local anesthesia (2 pei cent) novocain with 15 diops of i-iooo adienalm 
solution to the ounce) is used almost exclusively It is obtained by blocking 
the mandibulai division of the tiifacial neive and by supplementary local in- 
filtiation of the aiea In addition to the external infiltrations, anesthesia 
of the inf ei 101 alveolar neive is obtained by intia-oral block Geneial anes- 
thesia, when used, is given via the nose thiough an endotiacheal tube Pre- 
operative sedation is accomplished with a substantial dose of a baibiturate 
(4 gi of sodium pentobaibital) given one and one-half houis pi 101 to the 
opeiation If the patient is not sufficiently composed 30 minutes befoie the 
operation, a naicotic is given (moiphine sulphate 1/6 gr with hyoscine 
1/150 gi The use of naicotics is to be avoided as it fiequently causes 
vomiting, and thus disiuption of the postopeiative fixation of the jaws 

Prognathism — Piognathism (Figs i and 2) is a deformity of the lowei 
jaw chaiacteiized bj'^ an abnormal piotiusion of the mandible^ In this con- 
dition, the lower incisois are l to 3 cm in advance of the uppei incisors, and 
the lower teeth do not occlude with the uppei teeth In addition to the un- 
sightly appeal ance of the patient, the masticating powers are completely 
ciippled Phonation is impaired because the cheeks and lips aie unable to 
propel ly function This condition is most often accompanied by underde- 
velopment of the maxilla This underdevelopment of the maxilla is due to 
the tongue finding excessive room in the lower dental aich and thus it does 
not exeit adequate pressure upon the upper arch (maxilla) to piomote its 
full development It is mteiestmg to leport the observation that in cases 
of prognathism the tongue undergoes a compensatory hypertrophy which 
subsides to noimal aftei suigical coriection of the jaw The author piefers 
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to inciease the efficiency of the jaws by osteotomy thiough the lamus of the 
mandible to lengthen the jan when retruded, and to shoiten the jaw by a 
similar pioceduie when piognathic Too much emphasis cannot be made 
upon the impoitance of avoiding injuiy to the inferioi alveolar neive and 
vessels 



Pig 1 — Prognathic jnw Befoie opention Tic 2 — Prognathic jnw After opera 

tion (Nabal plastic opention performed 
tuo ueeks pretioiis to j lu opeiation ) 


Eftology — Mandibulai defoimities aie attributed to the following fac- 
tois (i) Any condition which hindeis the contoui of the mandible during 
the giowth period, such as ankylosis of the temporomandibulai joint, (2) 
cleft lip and palate, (3) thumb sucking, (4) constitutional disoideis, such as 
rickets, syphilis, etc , (5) endociine distui bailees such as aciomegaly and 
cietinism, and (6) tiaumatisms and infections, such as uni educed fractuies 
of the lower jaw, osteomyelitis, and contracting scais 

Dental consultation is of pai amount importance in the collection of the 
mandibulai defoimities The dentist must piepaie the month foi the opeia- 
tion, construct casts, and aid 111 devising the splints for fixation of the jaw 
in Its new position Following suigical collection, the dentist fiequently 
aids the occlusion by 01 thodontic pi ocedui es A combination of sui gical coi - 
rection and orthodontic treatment usually produces the best end-results 
There are several classifications of mandibulai deviations and the chaiacter 
of the bony defoimity varies greatly The classification is of lelatively little 
value as in piactically all cases the treatment is the same 

Tieafnient — The tieatment consists of an amalgamation of orthodontic, 
surgical, and sometimes prosthetic ineasuies Orthodontic measures attempt 
to improve the occlusion and coi 1 eel facial asymmetry by subjecting the teeth 
to pressure This piessure is, in turn, transmitted to the bony structures in a 
fashion which will force the teeth into a normal occlusion By this method 
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the oithodontist endeavois to reshape the jaw This is usually attempted by 
means of wire splints and rubbei bands These methods serve then best 
puipose 111 young individuals before pubeity Soon aftei tins time tbe bone 
IS no longei pliable and only suigical tieatment will pioduce the necessary 
physiologic and esthetic effect Since a letruded oi piognathic chin is of 
piogressive seventy dm mg the developmental peiiod of the jaws, the soonei 
it IS tieated the bettei Many of these opeiative pioceduies can be obviated 
if tbe defective aiticulation is obseived eaily and appiopiiate oitbodontic 
measuies staited as soon as the peimanent teeth eiupt 

Suigical Tieatment — The choice of a method of suigical tieatment is 
by (i) osteotomy oi (2) osteotomy 

Osteotomy (Plate A) is employed by dividing tbe ramus of tbe mandible 
followed by shifting of the body of the bone bacKwaid to tbe desiied posi- 
tion, after which immobilization is maintained until ossification of tbe bone 
IS complete This is the most satisfactoiy of the opeiative piocedures because 
it IS simple in conception, entails no saciifice of the bone, no injuiy to its 
blood and neive supply, does not damage tbe mandibulai aich and its teeth, 
obviates opening into the 01 al cavity, and 1 educes to a minimum the muscle 
ti action which tends to obstiuct the 1 eduction Theie aie some dangers 
to this method They aie injuiy to the paiotid gland, facial ncive, and in- 
ternal maxillaiy aitery Howevei, with oidinaiy caie, piactice and skill, 
these dangeis aie negligible 

The optimum site foi the bone incision employed m this method is thiough 
the ascending lamus of the mandible in tbe aiea between tbe mandibulai 
notch and the mandibulai foiamen This is the safe aiea (Plate A, 3 b) 
and is above the entiance of the infeiioi alveolai neive and vessels into the 
mandibulai canal Befoie the opeiation is staited, the safe aiea is visualized 
1 oentgenologically Aftei the section of the ascending lamus, theie is a 
tendency on the pait of the uppei fiagment to become displaced bj’’ tbe tem- 
poial and external pteiygoid muscles When this does occur it would lead 
one to believe theie would result a peimanent closed 01 open bite How- 
ever, this IS not the case, as the callus foimation m this area is of sufficient 
strength to lesult m excellent function even wheie theie is slight contact 
of the fragment edges (Plate A, 5 b) By tins metbod tbe neive and blood 
supply to the teeth are unmteri upted and the lesultant function is noimal 

Other opeiators have desciibed various locations at which to peifoim 
the osteotomy, such as section of the bone at the mandibulai angles At 
this site, the technic of the operation is simplified, but the blood and neive 
supply IS seveied Altbough good esthetic lesults have been leported, it is 
tbe author’s experience that theie is an unnecessaiy damage to the blood and 
neive supply resulting in trophic distuibances of the teeth and loss of sensa- 
tion anterior to the osteotomy This and othei methods are only mentioned 
to be condemned and, theiefore, a description of these methods is purposely 
omitted The technic used with great success is as follow^s 

Piocednie (Plate A) — A stab wound is made at a piedetermined site 
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Plate A 


I Surgical Correction of the Prognathic Jaw 

(1) Deformitj 

(a) Lack of occlusion between upper and lower incisor teeth 

(2) (a) Stab wound 

(b) Pedicle needle passed behind ramus, hugging the bone closely so as to avoid penetration of 
oral mucous membrane 

(c) Stab wound at point of emergence of pedicle needle and attachment of Gigli saw to pedicle 
needle 

(3) Internal view of ramus showing operatne field 

(a) Site of entrance of inferior aUeolar nerve and vessels 

(b) Site of pioposed bone incision in “safe” area 

(4) (a) Site of entrance of inferior alveolar nerve and vessels 
(b) Gigli saw in propei position for osteotomj 

(5) Deformitj corrected 

(a) Splints for immobilization of fragments after repositioning of bone 

(b) Distance lower jaw is brought backward 

(6) Retention splints used for immobilization shown in detail 

(a) Wires passed between lugs on arch bars 

(b) Arch bars for upper and lower jaw' 

(c) Method of passing wires around arch bars anchoiing them to teeth 

II Surgical Correction of the Retruded Lowfr Jaw, Without Normal Bite 

(7) (a) Degree of retrusion showing malocclusion of teeth 

(b) Advancement of jaw correcting bite 

(c) Distance lower jaw is advanced 

(8) Alternate method of surgical correction (Babcock) 

(b) Site for cartilage implant 

(c) Quadrilateral section of rib cartilage inserted between condjle of mandible and bonj acoustic 
meatus 

(d) Resultant amount of lower jaw advancement 
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appi oximalely 25 cm above and behind the angle of the mandible A 
specially prepaied curved pedicle needle is mtioduced, hugging the bone as 
close as possible on the inner suiface of the ramus of the mandible (This 
needle foims neaily a half cncle, 4 cm m diameter ) The point of the 
needle emeiges by way of a stab wound at the antenoi hordei of the lamus 
of the mandible A heavy silk sutui e is passed through the eye of the needle 
and this pilots a Gigli saw into position (Plate A, 2) In this aiea the ascend- 
ing ramus is sectioned horizontally between the mandihulai foramen and the 
mandibulai notch (Plate A, 3 and 4) The same technic is earned out on 
the opposite lamus After this, it is possible to push hack the body of the 
mandible until the desired occlusion of the teeth is leached (Plate A, 5) 
The uppei and lowei teeth are then fixed in propei occlusion with suitable 
splints and wire ligatures There are many types of letention splints used 
but the one shown on the accompanying Plate has been found most satis- 
factory by the author (Plate A, 6) These splints aie attached to the teeth 
the day preceding the operation and aie wiied together immediately follow- 
ing the operation Single aich-hars containing lugs aie attached, one to the 
upper and one to the lowei teeth, by means of wm es passed around the teeth 
Wires are then passed between the lugs on the aich-hais, holding the jaws 
immobilized The jaws are thus retained in position wuth these wires for 
ten weeks, after which time union of the fiactuies has taken place and normal 
function of the jaw is imminent It is necessary to tighten the wnres at 
weekly mteivals so as to insuie complete immobility during the healing 
pel lod 

This appaiatus, used foi immobilizing the jaw’^s, is kept on longer than 
necessaiy (usually ten weeks) so as to avoid lefiactuies that would follow 
early lemoval and use of the jaw Roentgenogi ams aid in visualizing the 
amount of ossification piesent The best indication, how'ever, is the decreas- 
ing amount of tenderness over the site of the bone incision Aftei the splints 
have been discaided, theie is some limitation of motion because of the pro- 
longed period of fixation This stiflfness disappears aftei a few' days of pro- 
giessive mastication Physiotherapy and massage are aids 

Postopei atwe Treatment — Antiseptic spiays, mouth w'ashes, and fie- 
quent biushmg of the teeth is advised The diet consists piimanly of liquids 
with some semisohds It should contain sufficient caloric value to maintain 
the patient’s normal weight and at the same time avoid constipation The 
aveiage adult, w'eighing 70 Kg, requiies a diet of 2,500 to 3,000 caloiies 
daily A vanety of food and liquids, well cooked and properly flavoied and 
seasoned to tempt the appetite, are prescribed Meats prepaied wnth a 
grinder aie taken easily and a laige amount of food is sucked betw'een the 
teeth without any difficulty Many adequate diets consisting of milk drinks, 
fruit puices, pui eed vegetables, etc , have been described ^ If foi any reason 
the food cannot he drawn m, it can easily be sucked thiough a rubber tube, 
passed behind the last molar tooth or through any empty socket, if present 
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In the laie case wheie these methods are not applicable, a soft, well-gi eased 
cathetei is passed into the phaiynx 

Osteotomy is an open operation and consists of the removal of a section 
of bone fiom both sides of the horizontal lamus of the mandible and the re- 
positioning of the bone backwaid into the space thus cieated so that the 
teeth will fall into noimal occlusion 

An incision is made undei the hoiizontal ramus, the peiiosteum is ele- 
vated and the bone is lesected accoidmg to a pieviously prepaied pattern 
This can be done with a Gigli saw oi a chisel The bone fiagments aie im- 
mobilized b}'- pieviously constiucted splints and also by wiring the detached 
poitions, which may ultimatel}^ necessitate an additional opeiative pioceduie 
for the lemoval of this wiie 

This method, which is advocated by some suigeons, has additional dis- 
advantages and the authoi advises against its use foi the following reasons 
(i) If the jaw IS not edentulous at a convenient location, teeth have to be 
exti acted m oidei to make loom foi the excision of bone Theieaftei, suf- 
ficient time must be allowed foi healing The exti action is usually done five 
to SIX weeks hefoie the opeiation, (2) theie is consideiable scairmg due to 
the external incisions when this method is used, and (3) the dangei of in- 
fection IS inci eased, due to 01 al contamination sometimes lesulting in osteo- 
myelitis 

Retrusion or the Lower Jaw with Normal Bite — This gioup in- 
cludes miciogenia which is entirely an esthetic defect This condition is due 
either to underdevelopment of the fiont of the mandible (mentum) or a defect 
in the fatty cushion covering this area The repaii demands the addition 
of a transplant to bung the chin forwaid the lequiied distance Various 
types of implants have been used for this purpose, such as ivory, iliac bone, 
fat, and dei mal gi afts, and pi osthesis Only two matei lals which have pi oven 
satisfactory in the gieatest majonty of cases will be described One is the 
osteocai tilagmous nasal hump, which may be lemoved fiom the nose when 
it accompanies a slight chin recession (Figs 5 and 6) It is easily obtained 
by endonasal rhinoplasty After removing the periosteum and nasal mucosa, 
the hump is mseited m the chin as shown m Plate B The author has also 
successfully transplanted such a nasal hump from one individual to the 
saddle nose of another, proving its adaptability in many locations as a graft 
When there is no accompanying nasal hump available for the chin, refiig- 
erated human caitilage is used (Figs 3 and 4) This makes the ideal trans- 
plant matei lal foi all surface defects This caitilage is easily acquired fiom 
autopsies of nonpathologic specimens, especially accident-death cases 

The cartilage is denuded of its penchondi lum and refrigeiated in a solu- 
tion of aqueous meithiolate one part to four paits of steiile noimal saline ® It 
may be stoied indefinitely The solution is changed every four weeks, and 
each time before use a cultuie of the solution is taken The author is yet to 
obtain a positive growth from this solution This caitilage can be trans- 
planted regal clless of age, sex, or color Its use is lestiicted until it has been 
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Tig 3 — Retrusion of lower jaw with 
normal bite Before oper ition 


Fig 4 — After operation — Retrusion of 
lower jaw repaired with modeled refrifjer 
ated human cartilage graft (Nasal plastic 
performed at same operation ) 



Fig s — Combined nose and chin de 
formitj Before operation 


Fig 6 — After operation (Retrusion 
of chin corrected w ith “hump” from 
nose obtained by endonasal rhinoplasty 
at same operation) 
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1 ef 1 igei atecl at least one ^^eek A few of its many advantages aie (i) It 
IS easy to obtain, (2) it does not cuil, (3) it can be made steiile, (4) it 
obviates the necessity of a chest opeiation foi 11b caitilage and the compli- 
cations theieof, such as scais, opening into the pleuia, etc , and (5) it is 
leadily letamed and assimilated by the tissues It will be difficult to find 
a substitute foi lefiigeiated human caitilage that will “take” as an implant 
m so high a peicentage of cases, lequiie removal so mfiequently, and leave 
so satisfactoiy and enduimg an esthetic effect 

The opeiative technics shoun m Plate B aie as follows The skin is 
piepaied with tmctuies of gieen soap and metaphen, and a submental in- 
cision is made m the natuial skin fold A pocket, slightly laigei than the 
size of the implant, is piepaied with a comma-shaped knife earned down to 
the peiiosteum which is scaiffied to aid adherence of the implant One 
end of the previously piepaied tiansplant is mseited with bone foi ceps as 
fai lateially as possible A small two pionged pointed letiactoi is then ni- 
sei ted into the opposite end of the incision, which leadily sti etches until the 
piotiuding end of the giaft can be bi ought into the pocket The incision is 
then closed nith a single sutuie of hoise han, and is covered with a stiip 
of 5 pel cent xeiofoim ointment gauze, ovei which is placed one layei of 
diy gauze, with a him elastoplast diessing This is assuiance against mis- 
placement of the giaft and the foimation of hematomata, either of which 
may cause failuie 

Postopeiative tieatment is simple, as the patient has no discomfoit The 
diet consists of fluids foi 24 houis and theieafter, as an aid m the immobiliza- 
tion of the giaft, a soft diet is piesciibed to avoid chewing On the fourth 
day, the fiist diessmg is done and the single sutuie lemoved Another snug 
diessing is applied foi thiee days until, at the end of the week, all liandages 
aie lemoved The incision lapidly becomes invisible 

Retrusion or the Lower Jaw without Normal Bite — To coiiect 
this condition it is necessaiy to elongate the mandible The chin and lower 
incisoi teeth aie fai behind the noimal position (Plate A, 7 a), thus, this 
condition is the antithesis of piognathism Many methods of collection have 
been utilized with vaiying degiees of success, such as the method illustiated 
in Plate A, 8 b, c and d. wheie a block 11b of caitilage is mseited between 
the mandibulai condyle and the bony acoustic meatus This advances the 
lowei jaw the distance coiiesponding to the thickness of the cartilage graft, 
thus ovei coming the letiusion'^ The collection, howevei, is best obtained 
by exactly the same opeiative pioceduie as desciibed above for the coirec- 
tion of piognathism The opeiative technic, fixation of the jaws, and post- 
operative care aie the same as desciibed foi piognathism The hoiizontal 
sections (osteotomy) aie made through each ascending ramus of the mandible, 
and are shown on Plate A, 4, peimittmg the advancement of the lower jaw to 
a forwaid position, as seen in Plate A, 7 b and c The jaws aie immobilized 
by means of splints attached to the teeth by the same method above described 
for prognathism (Plate A, 6) If this advancement of the lower jaw is not 
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Platf B 

Correction of Recedino Chin 

Unassociatcd with Malocclusion bv Uliliciiia Modeled Refnneiatcd Human Caitilagi. 

Graft or Nasal Hump 

(1) Submental incision in skin crease 

(2) Formation of pocket for implant 

(a) Sagittal view of prepared bed for implant 

(3) Introduction of implant 

(4) Implant in situ 

(a) Sagittal \iew showing implant in situ with skin suture 
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sufficient to overcome the letrusion, it may be supplemented by the addition 
of a refiigeiated caitilage giaft which will give further piominence to the 
chin, as shown in Plate B 

SUMMABY AND CONCLUSIONS 

Deformities of the chin and lowei jaw have a social and esthetic effect 
and, when accompanied b}^ faulty occlusion of the teeth, theie is a concuiient 
functional disability 

The collection by oithodontics is possible only when attempted eaily 
in life ‘ 

The thiee phases of jaw i econsti uction aie desciibed 
The method of choice foi the suigical correction of piognathism is oste- 
otomy The lamus of the mandible is sectioned at a pi edetermmed site, m 
the “safe aiea” to avoid inteiiuption of the blood and nerve supply, and the 
body of the mandible is pushed back into the desired position 

The postopeiative fixation of the jaws is maintained by appioximate 
interdental splints and wne ligatuies 

Retrusion of the lowei jaw, when accompanied by a noimal bite, is best 
corrected by the addition of the osteocaitilaginous hump obtained by endo- 
nasal ihmoplasty When theie is no accompanying nasal hump, lefiigeiated 
human caitilage is used 

Retiusion of the lowei jaw without normal bite is collected by the same 
method desciibed foi the collection of piognathism except that the lowei 
jaw IS moved foi ward to the desired position 
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AN IMPRO^^ED BIOPSY PUNCH 


J\I L Weinstein, M D , M Schindler, M D , 

AND E Lamtience Adams, MD ' 

Chicago, III 

inOM THE SUnaiCAL l)rP\RTMLNT OF THE CIIIC\rO MFMOnrAI HOSIIT\I CHICVOO, ILL 

» 

This punch'*' consists of thiee parts A combined tiocai and cannula 
(A), a No l8-gauge cutting cylinder (B), and an obturatoi (Fig i) " The 
mass for biopsy is perforated by the tiocai and cannula, and within the 
lattei the cutting C3dmdei is slid up and down, nipping off the desired tissue 
The cyhndei may then be lemoved and emptied of tissue by means of the 
obtuiatoi — leaving the combined trocar and cannula in situ If the mass is 
C3fstic, fluid ma3' escape thiough the cannula and its natuie md3'’ be studied 
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This instrument has proven useful foi biopsy diagnosis m cases accessible 
foi puncture, as in bieast tumois, saicomata of the extiemities, l3miph nodes, 
etc It has been found particulai 13'^ useful when the patient lefuses incisional 
biopsy The instrument has the added advantage of making a single puncture 
and taking as much tissue as ma3'^ be lequiied without lemtioducmg the 
trocar In suspected mahgnanc3q a coagulating cuiient may be applied to 
the instiument or a fulguiating wiie nisei ted thiough the cannula befoie the 
instrument is lemoved In this way hemostasis and the spiead of malignant 
cells may be controlled 

* The instrument is manufactured by V Mueller Company, Chicago, 111 
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The Annals of Surgery in Spanish 

W ITH the simultaneous publication of this June Number of 
the Annals of Surgery in Buenos Aires, Argentina, by the 
Guillermo Kraft Company, and in Philadelphia by J B Lippincott 
Company, the journal and these two venerable publishers enter 
upon a new epoch in their long careers 
No better symbolic demonstration can be given of our sincere 
willingness for a permanent intellectual fraternization between the 
surgeons of North and South America 
The publishing business of the J B Lippincott Company had 
Its beginning in 1792 and has reached the fourth generation of the 
Lippincott family, the Guillermo Kraft Company was founded in 
1864 by Senor Guillermo Kraft and is still carried on by de- 
scendants of the founder 

The Annals of Surgery was founded by Dr Lewis Stephen 
Pilcher, in 1885, to meet what he thought was the need for the 
first journal of its kind in the English language It was not until 
the 26th Volume appeared, in July, 1897, that J B Lippincott 
Company took over its publication and continued its successful 
development 

The Annals began to publish the Proceedings of the New York 
Surgical Society m 1885, and of the Philadelphia Academy of 
Surgery m 1893 It became the official organ of the American 
Surgical Association in 1928, although since the foundation of 
this Association in 1880 it has published the large majority of the 
papers presented before it Since 1935 it has been the official organ 
of the Southern Surgical Association 
In addition to the manuscripts received from these national sur- 
gical associations, the pages of the Journal have been in the past, 
and are at the present time, open to the publication of original con- 
tributions, controversial and original surgical subjects, and surgical 
research 
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The policy of the journal has been formulated by a distinguished 
editorial board representing the medical schools and the national 
surgical societies of the United States and Canada In the future 
this board will sincerely hope to secure the support, inspiration and 
privilege of consulting members from our sister republics in South 
America, where surgical work of such a high caliber is being 
performed 

In the past the journal was published only in English, in spite of 
the fact that it has been distributed in 35 foreign countries Begin- 
ning with this issue it will be published m Spanish and will be 
distributed by the Guillermo Kraft Company Thus wrapped in 
the fine raiment of the language of the immortal Cervantes, our 
new journal will be able to enter the hospitals and consulting rooms 
of Latin America as an intimate friend and surgical coworker If 
will enlarge its usefulness, and bring to North Americans the 
advantage and privilege of a genuine understanding of feelings and 
ideas that only language clearly expressed can convey To us in 
North America this free intercourse of ideas and feelings with our 
surgical colleagues of South America is an inestimable advantage 
from which we have been too long deprived To our mutual good 
fortune, this joint enterprise of the Annals of Surgery, the Guillermo 
Kraft Company, and the J B Lippincott Company has turned to 
reality what for some time seemed only a dream difficult to attain 

Walter Estell Lee 
Chan man Edttonal Board 
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ADDRESS OF THE PRESIDENT 

THE DEFENSE OF THE HUMAN BODY AGAINST 
LIVING MAMMALIAN CELLS* 

Harvey B Stone, M D 

Baltimore, Md 

Every living organism depends for its suivival on the possession of at 
least two poweis The power of adaptation and, if iiecessaiy, resistance to 
Its external envii onment , and the power of maintaining stability, within cer- 
tain limits, of Its own internal economy These two abilities aie found m all 
animals from ameba to man, but apparently the pioblems involved grow in 
complexity with the increasing complexity of stiucture and function of the 
higher forms of life This is well illustrated by the response to tiauma The 
cutting in half of ceitain of the simpler living creatures may result m each 
half forming a complete new survivor Such mechanical insult to any of the 
adult higher animals would be invariably fatal, but note that the earliest 
stage of the fertilized ovum, even of man, can also appaiently suivive com- 
plete fission But the response to trauma is only one of many reactions of 
defense against the external environment Another gieat field of reaction is 
dependent upon the intimate piesence of other living oigaiiisms or then- 
products, and includes within its scope such conditions as infection, paia- 
sitism and intoxications In the higher animals, and paiticulaily in man, the 
psychic or emotional leaction to the environment is another manifestation of 
response of the greatest interest and importance Now much fruitful study 
has been devoted to these and other paiticulai forms of i esponse-behavior in 
many different animals, and while, no doubt, much lemains to be learned, at 
least the problems have been recognized, methods of attack have been devised, 
and many substantial results have been obtained As much cannot be said 
for our knowledge of the defense mechanism against the introduction of alien 
living mammalian cells 

The second gieat povei of the oiganism, that of legulating and controlling 
Its internal functions, also, has many specific phases that have been the subject 
* Delivered before the American Surgical Association, Cleveland, Ohio, April 6-8, 
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of long and intense study Digestion, absorption, secietion, the maintenance 
of the cii dilation, the function of the neivous system, aie but partial aspects 
of the subject that we have called general physiology Physiology, in its 
classical sense, does not cover the whole field The physical and chemical 
processes that legulate and maintain the composition and osmotic pressure of 
body fluids, the phenomena related to membranes, surfaces and molecular 
behavioi fall within the scope of biochemistry and biophysics The conscious 
and subconscious states that af¥ect the inteinal activities of the body are ma- 
teiial foi the student of psychology All of these varied and numeious func- 
tions must be cooidinated and equitably conti oiled if the higher animal, par- 
ticulaily man, is to suivive and piospei To this regulated intenelationship 
Cannon^ has given the name “homeostasis” His numeious wiitings on the 
subject have gieatly helped to establish and populaiize this concept of the 
living being as a mechanism dependent upon a highly complex system of in- 
ternal checks and balances Here again, a vast deal has been learned and 
much still lemains to be learned At any rate, methods and techniques of 
study, many of them intricate and highly specialized, have been evolved and 
successfully applied 

Theie is a special phase of this whole pioblem that has apparentl}' lagged 
behind, at least so far as the interest of the medical piofession and of suigeons 
IS concerned To be sure, the biologists have engaged themselves with it, 
but often the living material with which they work is so dilifei ent from the 
human, that their lesults may not be transfeiable I refei to the reaction 
of the highei animals, pai ticulai Ij' man, to the living cells of mammals The 
problem has two distinct aspects that correspond to the two properties of 
living creatures just now set foith, and each of them is iich in theoretical and 
possibly piactical inteiest The fiist concerns the reaction of human beings 
to implanted living mammalian cells — a defense leaction The second con- 
cerns the conti ol of the human lieing ovei tlie giowth, destruction and lepaii 
of its own cells — a special phase of homeostasis Later, a development of 
these two statements will be attempted Perhaps here it may be well to glance 
biiefly at some of the biological studies bearing on the problem 

Dr Ross G Hairison” has employed heteroplastic grafting extensively in 
his expel imental studies of embryology By this technique he has made many 
fundamental conti ibutions to his chosen field, particularly the cystologic 
souices and lelationships in the development of many structures What con- 
cerns us here is the remarkable success of some of these giafting expeiiments 
In the amphibia dining the larval stage, not only may organs such as the 
eye, and whole limbs, but, indeed, large parts of one animal may be success- 
fully grafted onto anothei animal These giafts will take between individuals 
of different species, and some of such composite animals, called chimeras, 
have developed through the stage of metamorphosis into living adult forms 
This tolerance for foreign tissues does not exist in the same degree, of course, 
for the highei animals among the vertebrates, in which respect there is a 
graded series, the higher forms showing increasing resistance to such alien 
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giafts It has been stated that successful cioss-grafts between species are 
limited to cold-blooded animals, and that in mammals even grafting between 
individuals of the same species and vaiiety encounteis gieat intolerance ex- 
cept m cases of close blood relationship 

That these statements aie not universally true is evidenced by the work 
of Easthek,^ who transplanted limbs between embiyos of various avian species 
with a ceitain numbei of successful experiments that survived hatching and 
lived with the foreign limb also surviving We are fortunate in having on our 
piogiam to-day Doctor Wilher, whose intensely interesting original work is 
m the same general field Leo Loeb"* has done a great deal of interesting work 
upon the general subject of ti ansplantation and, m 1930, published an exten- 
sive leview of it In this he lecords observations of many writers, m addition 
to his own investigations, and presents a philosophical discussion of the whole 
problem He introduces a special teimmology, using the expression “organism 
diffeiential” to indicate the basic diffeiences between diffeient animals and 
“individuality differential” to mean the total of physical and chemical charac- 
teiistics peculiar to the separate individuals of the higher animal series These 
he attiibutes to the specific genes and chromosomes Except perhaps foi iden- 
tical twins, no two higher animals aie exactly alike in these endowments 
There is a graded scale of increasing diversity beginning with siblings, ex- 
tending through blood relatives, variety, species and geneia Because of this 
inherent endowment an individual possesses a chemical constitution to which 
cells from any other source are alien m vaiying degiees, and 111 which they 
piovoke a reaction that leads to then destiuction He does not believe that 
this inherent leaction can be modified 01 broken down by any method yet 
suggested 

There has been, of course, an enoimous amount of clinical work done on 
the general subject of grafting, and a great deal on cross-gi aftmg Most of 
this has been confined to the reporting of the mtioduction of various tissues 
into human beings, with an overwhelming incidence of failure, but without 
serious effoit to explain 01 prevent the failure Among the few publications 
that deal with underlying conditions affecting cross-grafts is Holman’s^ work 
on protein sensitization in isoskm gi aftmg Holman doubts that cross-grafts 
of human skin are ever successful, finds that taking giafts from donors of 
the same blood group as the host makes little diffeience m the generally poor 
results, and attributes these lesults to the chemical differences between the 
tissues of host and graft He thinks the grafts serve as sources of foreign 
protein intoxication, and lead to the development of a reaction like anaphy- 
laxis He further cites obseivations that suggest that this reaction is highly 
specific against the donor tissue causing it, and does not affect grafts from 
another donor, which, however, soon develop then own specific destructive 
chemical reaction 

The control of the multicellular animal ovei its own cells is obviously an 
instance of the geneial principle of homeostasis Howevei, it has leceived far 
less consideiation, or, at least, effoits to study it have been far less successful 
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than in the case of othei mechanisms of homeostasis The movements of watei, 
salts and pioteins between the blood, the lymph, the intercellular spaces, and 
the cells themselves have been the subject of much study and impressive 
lesults But who knows why the thyioid gland leaches an optimum size and 
then stops growing^ Why do ceitam tissues throughout life possess the power 
of legeneiation aftei injuiy, and othei tissues have this power only in a very 
limited way, oi only in embryonic life ^ What stops the regeneration of tissues 
when they leach the optimum stage, and prevents abnoimal overgrowth^ 
Theie are many such questions that we have all asked oui selves many times 
They he at the loot of this pioblem of cellular homeostasis The investigative 
attack on them has so far been verj'^ unpioductive We take lefuge m specula- 
tive phraseology We say an organ’s size is conditioned by the physiologic 
need foi it But what mechanism implements that need, and what brakes 
keep it in checks Is it a balancing of hormonal stimulants^ Is tissue pressure 
a factor^ Does the metabolic pioduct of a certain type of cell exert an in- 
hibitoiy effect upon the giowth of that type of celP These things should 
be susceptible of investigation, if we can evolve propei tecbnic This matter 
of noimal balance and restraint of cells and organs has its highly piactical 
impoitance as well as its biologic interest It concerns the healing of every 
wound, the i espouse of work hj'peitiophy on the muscles, the development 
of compensations for damages done to various structuies It also, of course, 
is fundamental to the whole cancer pioblem Every pathologic new growth 
repiesents an escape of a special tissue from the general restraints of cellular 
homeostasis A gieat deal of study has been devoted to the discoveiy of 
carcinogenic agencies, and most valuable pi ogress bas resulted Less attention 
has been given the defense mechanism against cellular overgrowth Perhaps 
the pioblem is much hardei to grapple with At the present time, one might 
generalize the situation somewhat as follows A normal cell is subject to the 
noimal restraints on its giowth and leproduction A greatly abnormal cell, 
badly damaged or perverted gieatly in its internal mechanism, becomes essen- 
tially a foreign cell, and hence the victim of the normal defense reaction 
against alien cells and is thiown off oi destioyed But a cell somewhat modi- 
fied from normal by some agency — chemical action, radiation effect, or what- 
not — may be near enough to normal to escape the destiuctive reaction against 
alien cells, yet sufficiently diverted from normal to escape the restraining 
mechanism of normal cellulai homeostasis That is cancer Should we not 
then concern ourselves more with these two great basic protective mechanisms 
which perhaps are reallj'^ different phases of the same mechanism and try 
to discover how they work^ We may learn how to sharpen the body’s dis- 
crimination against damaged cells, m other words, heighten its cancer resist- 
ance, if we know the method of discrimination against alien cells It is helpful, 
no doubt, to state a problem, but far more difficult to solve it, and, so far, no 
ver)?^ promising line of attack has been developed m the study of the mecha- 
nism of cellular homeostasis Perhaps the appioach may be less arduous to 
an understanding of tbe defense of the body against alien mammalian cells 
That the human body does possess such a defense mechanism against 
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these cells will be generally admitted All the evidence of clinical medicine 
and expel imental investigation indicates this Is this a specific piopeity or is 
it merely a special aspect of the general resistance of living organisms to for- 
eign substances^ There are certain well known processes by which an animal 
reacts to such stimuli An inert sterile foreign body may be encysted by 
fibrous tissue An in Rating foreign body, such as a chemically active sub- 
stance, 01 living cells of the bacterial or piotozoan order, may induce and be 
lesisted by a suppurative i espouse Certain other chemical substances may 
be combated by a specific chemical response m the natuie of an allergic or 
immunity leaction It has not been pioved that the reaction to living mam- 
malian cells fits exactly into any of these pictures Ceitam infeiences, how- 
ever, may be made fiom the known facts The inci easing complexity of 
stiuctuie, function, and chemical internal enviionment met m the ascending 
animal series is paiallel to the increasing difficulty of cross-grafting This 
increasing complexity is, no doubt, associated with more and more exact 
specialization and individualization of the body cells to fit them to a highly 
specialized environment, and a con espondmg further removal from the toti- 
potency asciibed to such cells as the ameba and the early fertilized ovum 
These changes affect cross-grafting m two ways The cells grafted from another 
mammal have been highly adapted to their own original environment, and 
hence aie less well equipped to adjust themselves to changes, even of com- 
paratively slight degree On the othei hand, the inteinal environment of the 
host animal is a highly complex affair that is piovided with a mechanism to 
maintain itself constant, which apparently includes defenses against even 
slightly alien chemical substances, such as might be brought in by the grafting 
of foreign mammalian cells When one lecalls the size, complexity, and 
variety of protein molecules, for example, it is quite conceivable that ceitam 
proteins in the living mammal and m its cells may exhibit slight modifications 
that are specific for that one individual, and that would excite mtoleiance 
and reaction m other individuals, even of the same species There aie some 
observations that suggest such a possible explanation of the lesistance to cioss- 
graftmg When human skin is grafted to another peison, it often seems to do 
well for a numbei of days, and then usually rapidly dissolves and disappears 
This strongly suggests a defense mechanism that requires an appreciable 
time to develop, and that is a direct response to the stimulus of the foreign 
tissue In short, it looks like the development of something like a specific 
immunity reaction Such an explanation fits better than simplei reasons that 
might be given, such as lack of nourishment to the graft, inflammatory re- 
action caused by it, oi incidental complications like bacteiial infection If 
the defense mechanism proves to be m the natui e of an acquii ed immunologic 
reaction, there are many fuithei questions that arise Is such a reaction 
mediated through the cnculating body fluids or is it a pioperty of the host 
cells, or do both cells and fluids take part in it^ Is it a local or a general 
response^ Is it specific against the type of giafted tissue alone, or is it equally 
effective against all tissues of the donoi animaP Is it limited to cells from 
the original donor, oi has there been set up a reaction that will now function 
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promptly against the same type of cells fiom any donoi ^ Most impoitant of 
all, if such a defense mechanism explains the intolerance of the mammal for 
foreign living cells, is there any way m which the defense may be broken 
down or set aside ^ Theie is also a possibility that neive lelations may play 
some pait in the question of suivival of cross-grafts Indirect evidence of this 
may pei haps be i ead into the experiments of Schotte and Butler ® These 
experiments indicated that when a limb of certain amphibian larvae is kept 
denervated, the capacity foi regeneiation after injuiy is lost Not only does 
the amputated extremity of such a limb fail to grow out anew, as it noimally 
would, but legiession and lesorption start from the level of the amputation 
and pioceed pioximally, often bringing about complete disappearance of the 
limb Theie is so much supeificial lesemblance in this process to what often 
happens to foieign tissue grafts in adult mammals that it stimulates suspicion 
that the lack of neive supply to the implant might play a part in its failure 

Our work includes expei iinental studies on laboiator}'' and clinical mate- 
rial It IS being carried on by a gioup of lU)' associates on the Surgical Service 
of the Johns Hopkins Medical School — Dis James C Owings, Geoige O 
Gey, Kenneth Pickiell, and Douglas H Stone, and enjoys the hearty support 
of Dr Alfred Blalock, head of the depaitment As sufficient material is devel- 
oped, detailed scientific repoits will be published The purpose of this paper 
IS to establish the problem and to lay down certain generalizations based on 
our own previous woik and that of many others The fiist point of emphasis 
IS the effoit to understand why implants of alien cells die, rather than the 
development of a specific successful grafting technic, which may be hoped 
foi as a later lesult Ceitain conditions essential for the success of implants 
do concern the details of technique, however, and may be summarized as fol- 
lows, from one of our earhei publications" ( i ) Implants must be small, a few 
millimeters in diameter, otheiwise the cential poition dies before it can be 
vascularized (2) The technique must be surgically sterile (3) The bed to re- 
ceive it must be near a good blood supply, but must not be too 1 ichly vascular, 
otherwise hematoma formation \\ill choke the giaft (4) The bed should be of 
loose structuie, otherwise tissue pressure will compress the graft These points 
may be consideied as established Much more doubtful are two conditions 
that certain workers have thought to be necessary (5) A physiologic need 
on the part of the host for the tissue grafted (6) Anatomic coriespondence 
of the bed with the site fiom which the giaft is taken, such as thyroid grafts 
into the thyroid region of the host So much foi present knowledge of tech- 
nical conditions 

The large experience of many zoologists permits certain conclusions of a 
general biologic nature (i) Resistance to alien living cells is lowest in the 
lower forms of animal life and increases as one moves upward in the phylo- 
genetic scale, this resistance being greatest in the mammalian group (2) Re- 
sistance in any single species is lowest in the youngest forms and increases 
from embryo to old age (3) Grafts are more apt to succeed the younger 
the donor individual, the best source being embryonic tissue (4) The wider 
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the biologic diveisity of host and donor the less likely is success of grafting, 
the best oppoitunity being between identical twins 

In addition to the technical and general biologic conditions that affect the 
problem, theie is finally the specific reaction of the recipient as related to the 
alien cells At least two views have been advanced conceinmg the reaction 
of the host to the graft One of these, on which much stress is laid by Loeb,^ 
emphasizes the moi e or less specific local tissue response about the graft , and 
the othei regards the host reaction as essentially specific chemical m nature, 
similai to anapltylaxis oi immunity This brings us to the very kernel of the 
pioblem, and oui work is fai fioni that stage of advancement that would 
peimit an answer as yet Howevei, enough has been accomplished to give us 
ceitain impressions Thus, studies of autografts of thyroid in dogs show wide 
diffeiences in grafted fragments made in the same way and at the same time 
Some of these fragments aie so well preseived as to look almost normal, and 
about them there is very little infiltration with leukoc)des, lymphocytes, or 
other wandeimg cells A short distance away, another fragment may show 
defective staining properties of the cells, breaking up of acini, and an ac- 
companying active infiltration with leukocytes and particularly lymphocytes 
Still another fragment may be completely hyalmized and imbedded m granu- 
lation and early scar tissue To us it seems likely that the inflammatory re- 
action IS not a defense against the giafts, per se, but merely the usual phago- 
cytic response to damaged tissue In other words, the cellular local reaction 
did not kill the grafts Otherwise, all of them should be equally and simul- 
taneously attacked But some of the mechanical or technical factors, perhaps 
failure to establish blood supply m time, led to the death of certain fragments 
which are then removed by the well-recognized inflammatory local reactions 
In shoit, we would mteipret the local tissue reaction, not as a defense against 
living grafted cells, but as a scavenger reaction against dead cells 

There are a number of observations that have a bearing on the possibility 
that defense against alien grafts is in the nature of a chemical immunity in 
many cases It was with this idea in mind that the writer, and his associates.^ 
some 5^ears ago, conducted a series of expeiiments These consisted in grow- 
ing for a consideiable time fragments of the tissue to be grafted m tissue 
culture, on media containing the serum and plasma of the anticipated host 
In this way it was hoped to adapt the giafts to their future chemical environ- 
ment Following these experiments on dogs, a number of human cross-grafts 
were performed in a similar manner, with apparently some definite success ® 
Othei s have undertaken similai experiments with conflicting results — some 
successful, many not ® 

It now appears to us, however, that a much better method is possible, 
and we are m piocess of developing it As has been said, there have been 
many obsei vations, both clinical and experimental, that alien grafts often 
seem healthy for a considerable time, perhaps two to three weeks, and then 
suddenly disintegrate Such a phenomenon does not fit into our ideas either 
of an inflammatoiy leaction defense or of an immediately hostile chemical 
enviionment In either, such form of resistance to the graft one would expect 
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a piompt and continuous destiuctive effect It does suggest that the graft is 
the souice of alien chemical substances, piobably proteins that differ, perhaps 
not gieatly, from those of the host, but sufficiently to act as antigens In re- 
sponse to this stimulus, a defense mechanism is set m motion that produces 
antibodies, not oiigmally piesent, that in time lead to the destruction of the 
alien cells of the giaft There are a numbei of experiments that suggest 
themselves as methods of testing the truth of this theoiy, and that we expect 
to cany out There is also an obvious extension of our idea of adaptation 
of the graft to its environment that we also are planning to test It consists 
in grafting a host with a given tissue and awaiting the development of the 
specific defense mechanism Then we shall attempt to adapt the same tissue 
to the now stimulated host, in othei woids, to immunize the graft against 
the immunized host We legiet that much of this work is still only in the 
stage of development and that specific detailed repoits must be deferied till 
some future time Whethei any of these expeiiments piove fiuitful or not 
in leading to concrete results^ the puipose of this paper will be attained if 
an aroused interest in the general pioblem develops 

Let us take a little time to considei the importance of this field and the 
oppoitunity it offers at the piesent It would be an erior to assume that 
other fields of surgical development have been exhausted , an ei i oi similar 
to that attributed to Pare, Billroth, Moynihan and Halsted, each of whom 
is said to have lamented the future of the young suigeons succeeding him, 
because all the gieat advances had already been made Nevertheless, it is 
true that many fields of surgeiy are aheady extensively developed In 
ablative surgery, the opeiative removal of offending lesions or organs, the 
greatest attainments have been achieved Now that the skull and the chest 
are successfully invaded, not as a rare adventure, but as a loutine, eveiy-day 
performance, fuither progiess would seem to be largely a matter of detail 
No doubt better technique, better instruments, bettei piepaiation befoie 
operation, and better after-care will gieatly impiove lesults, but theie are 
no remaining great anatomic areas for the expansion of ablative suigeiy 
Reconstructive surgery in its various subdivisions — plastic, orthopedic, pros- 
thetic — IS still far from the stage of advancement that ablative suigeiy bas 
reached Here there are constant announcements of new achievements, and 
without doubt there still remains much oppoitunity for oiigmal develop- 
ment But foi those seeking a new frontier, a wide virgin country for ex- 
ploitation, I would enlist your interest, youi thinking, and youi haid woik 
m what may be called replacement surgei}'’ As on every fiontiei, the 
going may be haid As in eveiy vngm teiiitory, the clearing of the ten am 
may be backbreaking and heartbreaking, with delays, disappointments, hope 
deferied It will call for toil and sweat, if not for blood and teais But 
the promised reward is great To take a single example, considei the possi- 
bilities, if we can overcome resistance to alien mammalian cells, m the whole 
group of endocrine deficiency diseases — a definite cure for parathyioid 
tetany for myxedema, foi Addison’s disease, peihaps foi diabetes, and possi- 
bly for other conditions not now understood The replacement of entire 
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oigans, usetul and functioning, is not impossible The vasculai and ureteral 
hook-up of a neu kidney could be accomplished, if the kidney would lue 
aftei It had been implanted These ai e ob\ lous potential i esults of a conquest 
of the lesistance of the human bod)" to alien cells, and if the imagination be 
allowed flee lein, they aie but the beginning Theie is no need, howevei, to 
exaggeiate the i esults that might follow such a success My puipose is 
accomplished if )ou give this plea the inipoitance I think it deserves 

We heal much these days of militai) matteis There is a certain analogy 
between the methods of scientific attack and inilitaiy offensive The army 
feels out Its opponent, finds weak spots, drives m a u edge here and a column 
theie, deielops a pincei movement, suiiounds an era, and then reduces it 
So in science, a lead in one field, an original idea m another, a new technique, 
a bettei mstiument lesult in advances that stimulate each other But in war, 
field tactics are not enough One may win battles and lose the wai unless 
theie IS a bioad vieu, a geneial strategy In science also, it behooAes us to 
think at times beyond the day’s work and the immediate pioblem, to suivey 
the uhole fiont and its hmteiland In such a suivey, local issues will fall 
into then propei proportions and the larger strategic pioblems will emerge 
One of the functions of such a body as the Ameiican Surgical Association 
IS to act as a geneial boaid of stiategy in its own field The object of this 
paper is not to recoid a local advance, but to bring up for consideration a 
majoi pioblem — that of the reaction of the human body to its ow"n and other 
mammalian living cells Perhaps such a purpose today may seem visionary, 
but let us not forget that often in the story of mankind the visional y of to-day 
has proied in some distant tomoirow" to have been the man of vision 
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REPORT TO THE AMERICAN SURGICAL ASSOCIATION 

ON 

ACTIVITIES OF THE DIVISION OF PROFESSIONAL SERVICE 

UNDER THE SUPERVISION OF 
THE SURGEON-GENERAL OF TIIF U S ARAEi 

BT 

Colonel Frederick Rankin, M C 
Llmngton, 

When our President, Doctor Stone, invited me to make some lemaiks 
on the activities of the Division of Piofessional Seivice, under the Siiigeon- 
General of the U S Ai my, it seemed wisei to commit mv thoughts to wi itmg 
m the inteiest of both bievit}' and accuiac}' 

As you know, the function of the Suigeon-General’s Office is to piovide 
adequate medical seivice foi the Army at posts, camps and stations within and, 
on occasion, beyond the continental limits of the United States 

This makes foi a very diveisified type of medical seivice, extending fiom 
tactical units in the field to the general hospitals fai m the leai That all types 
of medical men aie essential to the piopei functioning of the Coips, is ad- 
mittedly obvious, and the diveisification of duties lequiies not only tiamed 
general practitioners and men just out of their intein-yeai but also specialists 
111 eveiy field of medicine and suigery The Division of Piofessional Sei vices 
of the Aimy has many activities, and the one wdnch is of the most inteiest to 
you IS the Subdivision of Surgeiy 

The duties of the Subdivision of Suigeiy may be outlined biiefiy as follow^s 
(i) Cooidination and supervision of piofessional caie (surgical), wdnch in- 
cludes mquiiies, complaints and investigation (2) Advisoiy duties concerning 
equipment, tiainmg and personnel 

W ith the huge expansion of the ai med foi ces, a concomitant multiplication 
of medical officeis becomes inevitable, and if many of the pioblems which face 
the piofession seem to be handled with some tardiness and delay, it should 
be remembered that confusion is inevitable undei ciicumstances of an emei- 
gency in a demociacy When the tiaming piogram foi the piesent militaiy 
foi ces w'as inauguiated, the Regulai Aimy Medical Coips numbeied ap- 
proximately 1,210 officers There weie in addition about 1,150 National 
Guard Medical Officers and a Medical Reseive Corps of some 16,000 to 17,000 
men who w^eie immediately available to staff medical installations of the Aimy, 
and these were mobilized in a short time Theie are now^ on duty lietw^een 
12,000 and 13,000 medical officeis and, woth the inciease of the Aimy as 
authoiized at piesent, it is estimated that 24,000 medical officeis will be 
essential to rendei pi oper sei vice to the ai med foi ces by the end of 1 942 In 
addition to this, the Suigeon-Geneial has lecently made an appeal foi 6,000 
medical officers to supply the medical needs of the developing an foice To this 
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should be added the lecent i ecommendation of the Surgeoii-Geneial foi the 
commissioning of an additional 7,000 medical officers for our immediate needs , 
thiee in the giade of Colonel, three in the grade of Lieutenant Colonel, 300 
111 the giade of Major, 1,000 in the giade of Captain, and 5>^47 grade 

of Fust Lieutenant I stress the grades in which these men are to be com- 
missioned to emphasize that this is a young man’s war, that it is enormously 
moie stienuous and exacting of stamina than World War I, and that for the 
immediate futuie it is necessaiy to commission a large number of younger 
officeis foi seivice with tactical units These men will be drawn from interns 
who complete then seivice 111 July of this year, and from the men who are 
undei 36 yeais of age and subject to the action of selective seivice 

While it IS necessaiy to emphasize again that this is a young man’s war, it 
should he pointed out that a laige percentage of the volunteeis foi medical 
seivice, up to the piesent time, have been m the oldei-age groups, many of 
whom seived m some capacity m the last war and who are young enough and 
able economically to give up practice and take active seivice now Probably 
this IS not the wisest thing undei the circumstances, and it should be empha- 
sized that the oldei generation’s function is piimarily one of taking care of 
the civilian population, of manning the medical schools of the country and, 
theiefoie, msuimg the maximum output of medical men without a lowering 
of standaids It would not be amiss for these older men to bring to the atten- 
tion of the younger physicians that they are needed by the armed forces 
1 ather than the older group, and that theirs is a distinct obligation to serve their 
countiy for these two leasons 

Howevei, there aie othei points which I wish to make m discussing allo- 
cation of specialists 111 wai suigeiy, which will be familiar to those of you 
who served in the last Woild Wai 

(1) You will lecall that war suigeiy diffeis mateiially from civilian sui- 
geiy, that it IS not elective suigeiy but suigery of catastrojffie 

(2) That there is no continuous flow of cases, but periods of long arduous 
duty followed by periods of comjilete absence of professional woik 

(3) That the Army lequires many professional duties completely foreign 
to a specialist whose specialty may be narrow m its scope 

If these facts can be remembered and buttressed by the knowledge that 
one has to do a patriotic service, albeit a distasteful one, I believe that civilian 
medical men will meet on a more common ground with the Regular Army 
peisonnel and find fewer reasons foi iintation and criticism Actually, sur- 
gery of all kinds will be done, and it will have to be done by younger men 
undei unfavorable conditions, but out of this war, as out of others, will emerge 
some surgical principles which will be advantageous to future civil practice 

Another fact which emphasizes how much of this present action is a 
young man’s war, is the type of warfaie which is being waged In a recent 
conversation with Colonel Cillespie, of the British Army, who has served in 
the Middle East and in Libya and, indeed, from all of the literature by such 
men as Jolly and Trueta, I have been greatly impressed with the necessity 
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of tianspoiting the suigeon to the patient in the vast majoiity of cases rather 
than the leveise, A\hidi has Ijeen the piactice in the past The wai of move 
ment, wheie tlie favoiite tactics i evolve aiouncl widcspi cad encii cling types of 
mancnvei, lesults in fewci casualties, jiicihaps, in killed and wounded, but in 
an enoimous iiiciease in the numbei of piisoneis and missing Because of the 
vast distances involved, it has been found nccessaiy to insist on the gieatest 
mobility of hospital installations m the theatei s of o])ei ation, winch means 
the mci eased use, theiefoie, of opeiating teams m small units, which aie 
quickly and leadily ti anspoi table This stieamlmmg thioughout the entire 
pattern of modernized waifaie has changed many hitheito set piactices m the 
caie of the sick and ciounded m the advanced aieas Thus, with the lessons 
of the Allies m front of us, unquestionabl}', we should be quick to modify 
many of our now accepted beliefs in matteis of medical oigamzation 

Anothei point of enoimous interest to you is, I am sure, the proper utiliza- 
tion and allocation of specialists The Suigeon-Geneial’s Office has definitely 
recognized the spheie of usefulness of highly tiained men in different spe- 
cialty blanches, and has adopted a policy of commissioning these men in 
grades commensuiate with their age, training, and piofessional capacity 

As you know, it has been customary in the past to make all first appoint- 
ments m the Medical Corps m the giade of Fust Lieutenant, save only for 
definite exceptions which i elate to piofessional training, and I quote “Cap- 
tains, eligible applicants” ( i ) Eligible applicants between the ages of 37 and 
45 will be appointed to the grade of Captain by leason of then age and general 
medical training and experience Exception Below the age of 37 the following 
training and experience will be considered m recommending initial appoint- 
ments m the grade of Captain (i) Ceitification by an American Specialty 
Board, (2) fellowship 111 the Ameiican Colleges of Surgei} 01 Medicine, 
(3) membership m other lecogmzed specialty societies 01 associations, (4) 
training equivalent to that required for examination by an American Spe- 
cialty Boaid, and (5) other lecognized training appiopriate to the position foi 
which lecommended 

For the grade of Majoi eligible applicants aie usually between the ages 
of 37 and 45, whei e vacancies exist, but men may be qualified for commission 
to this grade who have had the additional training and expeiience mentioned 
above 

There are obviously but few assignments in the giades of Lieutenant 
Colonel and Colonel, since a consideiable numbei of men in these grades, on 
a Reserve Coips status, have not yet been called to duty because positions 
available for them commensurate with their lank are not at the present time 
open This policy, I think, definitely indicates the great desire of the Surgeon- 
Geneial’s Office to obtain and utilize the best piofessional talent 111 a manner 
which will insure maximum piofessional efficiency to the sick and wounded 
of the aimed forces 

Distribution of peisonnel and allocation of specialists aie complex prob- 
lems which will not, and cannot, be immediately solved to the entire satisfac- 
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tion of eithei the specialists oi the Army, but I think toleiance, patience, and 
understanding of the difficulties of an enoimous and huiiied expansion 
should be the attitude of both the profession and the Army toward these 
changes of status 

In the 14 general hospitals now operated by the Medical Corps of the 
Aimy, the organization of the sei vices is on a high plane, and the availability 
of additional specially tiained medical men will unquestionably impiove as 
time goes on The geneial hospitals which I have visited in my shoit service 
111 the Aimy dm mg this war have been staffed m an extraordinarily efficient 
mannei I do not mean to say that they function m all specialty departments 
with the smoothness of a civilian hospital of long standing or those associated 
eithei with a medical school or gioup practice, but I have found splendidly 
ti allied men m chaige of the services, and that professional work of a high 
chaiactei is being lendered 

In the station hospitals and smaller installations, a laiger number of pro- 
fessional men aie being utilized, and constant effoit is being made to readjust 
piofessional sei vices in oidei that the selectees, as well as the officer personnel 
of these particulai posts and cantonments, may have available to them medical 
caie comparable to that of the best civilian practice 

In short, one of the aims of the Division of Professional Service is to fit 
men who are properly trained into key positions and avoid, insofar as pos- 
sible, the often repeated, and sometimes justifiable, criticism of putting 
lound pegs into squaie holes I can testify, unreseivedly, to the whole- 
hearted cooperation which is evidenced m the Office of the Surgeon-General, 
and I can assuie you that there is every indication of a real desire to utilize 
professional men m professional capacities to a maximum extent, and of avoid- 
ing, insofar as possible, pitfalls which developed m a smilar rapid expansion 
during World War I It is my considered opinion that many lessons of that 
mobilization and subsequent periods of operation have been learned and are 
being applied zealously m an effort to smooth out many of World War I’s un- 
pleasant irritations and inequalities 

I am confident that medical care throughout the period of mobilization, 
training and active participation in the present conflict will be far superior to 
that rendered m the past, and that this will be the result of the hearty support 
of the medical profession as a whole, and such associations as this m par- 
ticular 

A striking example of modern medical efficiency in wai is at hand, as 
demonstrated in the Pearl Harbor engagement, an account of which most of 
you have had fi om Doctor Ravdm and Doctor Perrin Long Suffice it to say 
that here was an ideal set-up where in the first place the terrain was favorable, 
whei e the men wei e not in many instances clothed with heavy, dirty clothing, 
puttees and shoes, and where medical attention was immediately available 
within a few minutes of attack In addition, the hospital facilities were acces- 
sible. tianspoitation was leady and surgery was instituted m periods of from 
a half-houi up to many hours The Chief Surgeon had anticipated the medical 
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requirements of an attack on the islands and had oiganized both m the mili- 
tary and civilian piofession opeiatmg teams which became immediately 
available for seivice The factors of immediate aid, rapid tiansportation, 
thorough debridement, plus the use of chemothei apy, and the treatment of 
shock by use of blood plasma and other mechanical means, are reflected in 
the brilliant results obtained following this battle Sulisequent inspection of 
the casualties has borne out the belief expressed by the early obseiveis that, 
given adequate earl}'- care, proper treatment of shock, complete debiidement, 
and the lavish use of sulfonamide duigs, we may expect a distinct loweiin^ 
of mortality statistics, with a concomitant increase in the ultimate number 
restored to duty, oi at least, saved from pei manent disabiht}’^ 

Again, I should like to tell you that it would be difficult to overestimate the 
influence and helpfulness of maii)'^ professional organizations in this piesent 
period Surgical committees and vaiious subcommittees of surgical and 
medical specialties, under the Medical Division of the National Research 
Council, have contributed effoits and advice wdiich have been of inestimable 
advantage, and I can assuie you that I have seen every inclination on the part 
of the Surgeon-General’s Office to utilize these effoits to the fullest, and to 
accept professional advice when offered by such gi oups at its face value 

Today, there is no question that we are much fuither forw^aid m this 
war, insofar as medical peisonnel and sei vices aie concerned, than w^e were 
m the middle of Woild Wai I I have no illusions that piofessional sei vices 
will be conducted to the complete satisfaction of everyone concerned, for the 
very individualism of our profession militates against that, and w'hen such 
individualism collides with Army regulations it is certain that compiomise is 
the only method wdiereliy efficiency can be maintained 

In consequence, I would urge upon medical men eveiywdieie the fact that 
tolerance and patience be a part of their ciedo, wdnch must lecognize ceitam 
inevitable dislocations of life and methods in such limes of emeigency 

It is our duty and desire to lender to every Ameiican soldier adequate 
medical care He deserves it and he should have it I know' that this is youi 
promise as it is mine 
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TRANSTHORACIC RESECTION OF TUMORS OF THE STOMACH 

AND ESOPHAGUS’^ 

Edavard D Churchill, M D and Richard H Sweet, M D 

Boston, Mass 

FROM THE BURGIC^I SFRMCES OF THE MASSACHOSETTB GENERAl, IIOSPITAE, ROSTOV, MASS 

T HE pai ticular region of the alimentary tract with which we are concerned 
IS that which begins in the esophagus at the junction of the base of the neck 
with the superior mediastinum and extends to a point seveial centimeters 
below the cardiac orifice of the stomach An arbitrary division of this seg- 
ment of the alimentary canal into three zones can be made as shown in the 
diagram (Fig i) The classical division of the esophagus has always been 
into thirds It is our observation that both from the standpoint of the site of 
occurrence, and from the point of view of surgical management, it is more 
useful to divide it into fourths The second and third fourths are to be thought 
of as the middle half 

Zone I extends from the base of the neck to the superior surface of the 
aortic arch Removal of a growth situated in this portion of the esophagus 
(an uncommon location, fortunately) is a specialized problem, the manage- 
ment of which is not yet clear The pioximal esophageal end is so short that 
the establishment of an external fistula may be impracticable The highest prac- 
tical level for division of the esophagus with the construction of a suitable 
cervical esophagostomy is just above the superior surface of the aortic arch 
If cut there, the proximal end when brought out in the neck will he i or 2 cm 
above the level of the clavicle At this point the epiglottis can easily be felt 
by digital palpation down the lumen, and because the epiglottis is so near, a rub- 
ber tube can be woin only with great difficulty or not at all Furthermore, a 
stoma located above the clavicle adds greatly to the technical difficulty of con- 
structing an external esophagus by skin plastic procedures 

Zone 2 may be said to embrace the middle one-half of the thoracic esoph- 
agus, that portion extending from just above the aortic arch to a point just 
below the level of the inferior pulmonary veins Gi owths in this region make 
It necessary to divide the esophagus at too high a level to allow the performance 
of an esophagogastric anastomosis The only operation for carcinoma in this 
region is a partial esophagectomy which makes it necessary to bring the 
proximal end of the esophagus to the surface in the upper part of the chest 
by pulling it out through a cervical incision Feeding is carried out by 
artificial means through the exteriorized lower end of the esophagus or 
through a gastrostomy, or eventually by swallowing through a rubber tube 
connection between these, or finally through a skin-plastic tube constructed 
to bridge the gap between the stomata 

*Read before the American Surgical Association, Cle\ eland, Ohio, April 6-8, 1942 
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Zone 3 indudes the lowei one-quaitei of the thoracic esophagus, the car- 
diac oiifice of the stomach, and the adjacent few centimeteis of the stomach 
including the fundus Lesions located m this aiea aie low enough to make 
it possible to perfoim an anastomosis between the esophagus and a portion of 
the stomach Ceitam high gastric carcinomata involving a portion of the 
esophagus, which if appioached through an abdominal incision will be inop- 
erable, can be successfully lemoved thiough the tiansthoiacic loute Resec- 
tion with esophagogasti 1C anastomosis is an extremely useful opeiation in 
ceitam cases foi both esophageal and gastric carcinomata 



facilitate the understanding of the technical problems inaohed in 
the surgical management of carcinoma arising in these seieial areas 

Pathologic Considerations 

(1) The majoiity of caicmomata of the esophagus aie epidermoid in 
character The change from squamous to columnar epithelium usually be- 
comes obvious at the cardia, but m certain cases mucosa of the gastric type 
ma)^ be found in the lower esophagus This appears to explain the rare case 
of an adenocai cinoma confined entirely to the esophagus Case 7 of this 
senes is an example 

(2) Carcinoma arising m the esophagus often spreads in the submucous 
and musculai coats of the organ for a distance of several centimeters in such 
a way that it can be detected only by microscopic examination This was 
observed in seveial of the cases A noteworthy example is that m Case 3 
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wheie at a plastic opeiation done in piepaiation foi the making of an external 
esophagus, definite mici oscopic extension of the tumoi in the lowei esophageal 
stoma was found in a section lemoved for examination 

(3) A thud fact conceimng the pathologic behavioi of caicmoma of the 
esophagus is the gieat fiequency of metastases to the lymph nodes below the 
diaphiagm The lymphatic diainage from the esophagus, though not thoi- 
oughly undei stood, may be assumed to follow in a geneial way the course of 
the vascular supply In the uppei poition the blood supply is from the 
infeiior thyroid aiteiy Heie the ceivical nodes tend to become involved 
From the level of the aoitic aich down theie is an inci easing tendency for 
metastases to occui to the nodes in the region of the left gastric vessels An 
analysis of the cases of carcinoma of the thoracic esophagus which came to 
autopsy m the 43-yeai peiiod 1897 through 1940, reveals the fact that of 
24 cases of caicmoma in the uppei third only one showed metastases to nodes 
below the diaphiagm In 32 cases wheie the giowlh involved the middle 
third, II showed metastases to the subdiaphi agmatic nodes Finally, of 16 
lower third growths, eight showed positive nodes below the diaphiagm 
(Table I) 

Table I 

METASTASES TO SUBDIAPHRAGMATIC LYMPH NODES IN 72 PATIENTS WITH CARCINOMA 

or THE THORACIC ESOPHAGUS* 

No of Cases No with Metastases 
Carcinoma of upper third 24 i 

Carcinoma of middle third 32 ii 

Carcinoma of lower third 16 8 

* From the autopsy records at the Massachusetts General Hospital 1897 through 
1940 

A knowledge of this fact is, of couise, of gieat importance in deciding 
about the probable cui ability of these cases It may well be considered 
unjustifiable to subject a patient who alieady has metastases to these distant 
nodes to the mutilating proceduie of esophagectomy when the likelihood of 
cure must be so slight On the other hand, the striking palliative lesults 
of resection with establishment of an esophagogastric anastomosis gives a 
wide latitude to this operation even m the presence of distant metastases 

(4) Metastases to the liver in cases of carcinoma of the esophagus occur 
very late in the disease 

(5) Metastases to the lung should always be looked foi because the 
venous return from the high gastric and esophageal areas enters the caval 
system directly instead of passing first thi ough the poi tal system 

Determination of Operability 

Exclusive of the usual considei ations relative to the age and general con- 
dition of the patient, certain obseivations and diagnostic pioceduies are 
impoi taut 

(i) Cbnical Obsovafions (a) A constant boiing pain m the intei- 
scapulai legion of the back is often an indication that carcinoma of the 
esophagus has i cached an inoperable stage 

899 



CHURCHILL AND SWEET runVl™ 

(b) Persistent fever is usually an indication of inoperability in car- 
cinoma of the esophagus or cai diac end of the stomach It occurs as a 
result of infection in a deeply eioding or ulcerated giowth 

(c) Rectal examination when the growth is primarily m the stom- 
ach may reveal a lectal shelf of peiitoneal implants 

(d) Supiaclaviculai lymph node involvement is less common than 
was anticipated 

(2) Endoscopic Findings (a) Esophagoscopy is essential to determine 
the nature and level of the lesion and especially to procure tissue for micro- 
scopic diagnosis But endoscopy cannot give information concerning the 
degree of extension of the growth in the layeis below the mucous membrane 

(h) Gastroscopy has been of limited value in lesions of the fundus 
of the stomach as it is difficult to see the pi unary growth In fiv'e cases 
of caicinoina of the cardia or fundus, the giowth was visualized through 
the gastroscope in only two cases In the remaining thiee cases it 
was not seen 

(c) peiitoneoscopy as an aid in the deteimination of operability 
proved of no value m the six cases in which it was performed In an oc- 
casional case of widespread abdominal mctastases 01 liver involvement, 
a peiitoneoscopy may save the patient a major exploration When 
widespread metastases have not occurred, peritoneoscopy is of no 
value because it is impossible to see the retroperitoneal nodes in the 
region of the left gastric vessels or even the lesion itself 

(3) Roentgenologic Evainination Roentgenologic visualization by a ra- 
diologist especially interested and skilled m tbe technic of examining the 
esophagus has been found to be of the gieatest value in localizing the lesion 
and m predicting the degiee of extension of the growth Everything con- 
sidered, the 1 oentgenologic examination has been of more value than any 
othei diagnostic piocedure 

Preoperdtive Preparation of the Patient 

Adequate time is taken to bring the patients geneial condition to its 
optimal point Oial sepsis is eradicated if possible before any serious gastric 
or esophageal operation is undertaken A high vitamin, high piotein, high 
carbohydiate diet is administered Transfusions sufficient in number to 
lestore the blood to a relatively normal level aie important Preoperative 
artificial pneumotboiax is not necessary 01 advisable 

An intravenous infusion of glucose and saline is staited immediately before 
the operation is begun 

MANAGEMENT OF CARCINOMA OF THE MIDDLE PORTION OF THE THORACIC 

ESOPHAGUS (zone 2) 

A malignant lesion in this portion of the esophagus makes it necessary to 
resect at so high a level that an esophagogastric anastomosis is impossible 
even if the stomach is mobilized by cutting the vasa brevia, the left gastro- 
epiploic, and the left gastric arteries The highest anastomosis in this series 
was done at the level of the aortic arch Elevation of the stomach to this 

900 



SumbeVe® RESECTION OF TUMORS OF STOMACH AND ESOPHAGUS 

height was facilitated by a preexisting hiatus henna Usually it is impossible 
to carry out an anastomosis without a dangerous degree of tension if the 
stomach is elevated above the level of the inferior pulmonary vein Anyone 
who has had the experience of dividing the esophagus is familiar with the 
extraordinary degree of retraction which takes place 

When the thoracic esophagus is to be completely resected and a cervical 
esophagostomy established, it is necessary to provide an enterostomy for 
feeding There are several advantages which accrue from^ considering 
enterostomy as the first step in the surgical program The enterostomy may 
be (a) temporary m the form of a jejunostomy if it is planned ultimately to 
bring the lower end of the esophagus down from the mediastinum and use 
it as the gastric stoma, or (b) permanent in tbe form of a gastrostomy which 
IS suitable for use in plastic reconstructive procedures 

The proceduie for surgical removal of a carcinoma in the mid-esophagus 
must be divided into two or more stages which may be grouped as follows 

First Phase of the Operation 

A muscle-splitting incision is made m the upper portion of the left rectus 
muscle The liver is palpated A careful investigation of tbe lymph nodes 
m the region of the left gastric vessels is then carried out Enlarged nodes 
are removed for frozen section biopsy Of 23 cases of carcinoma of the 
thoracic esophagus explored in this manner since January 1940, 12 have 
been found to have metastases in these nodes A palliative gastrostomy may 
then be carried out and the surgical program closed If there are no liver or 
lymph node metastases which cannot be removed with reasonable hope of 
arrest of the disease, the first stage is completed by the establishment of a 
jejunostomy or gastrostomy, depending upon the plan for completion of the 
operative procedure 

A jejunostomy is performed if it is planned to use the short segment of the 
esophagus just above the cardia for the permanent lower stoma This re- 
quires a second celiotomy following the esophagectomy A lower stoma 
made from the stump of the esophagus has certain merits, but also serious 
drawbacks There is a rapid and kind union of the stratified esophageal 
mucous membrane with the skin of the abdominal wall which minimizes 
troublesome fistula foimation during the construction of a skin-tube esopha- 
gus On the other hand, the stoma tends to be small and a delay m the pas- 
sage of food from the skin-tube to the stomach has been observed at this 
point in one case (Case i) We have abandoned the use of the esophagus 
for the lower stoma, however, for a more serious reason The extension of 
cancer m the submucosal lymphatics to some distance from the palpable or 
visible growth has been pointed out Preservation of any portion of the 
lower esophagus for reconstructive procedures may lead to the disaster of 
inadequate cancer surgery A recurrence m the stoma is recorded m one 
patient (Case 3) 

We now recommend a Beck-Jianu gasti ostomy at the time of the ab- 
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clominal exploration The lowei stoma of the gastric tnhe can be brought 
seveial inches above the costal maigm on the anteiior thoracic wall By 
taking care to constiuct the tube with a large diameter this type of stoma is 
ideal to leceive the lower end of a rubber connecting tube It is satisfactory 
also for the construction of an external esophagus from the skin Experi- 
ences with this aspect of the problem are exemplified m Cases 5 and 7 The 
technic of the Beck-Jianu gastrostomy has been described elsewhere^ (Fig 2) 



Fig 2 — The stomTta Tfter esophigectomy for cor 
cinom i of the midportion of the thoncic esophagus 
Upper stoma is esophagus Lo\\er stoma is the end of a 
Beck Jianu gastrostomj 


lie 3 — A con\enient method for con 
structing skin lined tube esophagus around 
stoma Suture A to A, to B and C 
to C Tube can be stopped ^\ ith open end 
at any point ■without lea\ing denuded area 
This can best be "visualized b> cutting pat 
tern as outlined abo\e and folding on dotted 
lines 


Second Phase of the Operation 

After the patient has lecoveied well from the pieliminary abdominal 
operation, the growth is removed by a tianspleuial esophagectomy Whether 
the approach should be right-sided 01 left-sided is debatable That a growth 
located opposite the aoitic arch can be reached more easily from the right 
side must be granted But when working through the left side the aoitic 
arch can be retracted sufficiently well to obtain direct access to a growth m 
this area by dividing the upper intercostal arteries This is mentioned by 
Torek m his original article^ If the right side is used, it is necessary to do 
a preliminary mobilization of the esophagus in the neck as a separate stage 
before attempting the esophagectomy If the left-side approach is used, the 
ceivical portion of the operation can be done at the time of the resection, thus 
avoiding a separate procedure Better access to the upper end can be had 
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fiom the left side The determining consideiation that leads us to recom- 
mend that esophagectomy be done through the left pleural cavity is the 
gieatei ease of access to the lower three inches of the esophagus The fact 
that cancel mfiltiates the musculai wall of the esophagus for a consideiable 
distance away from the obvious growth makes it imperative to divide the 
oigan as fai away from the tumor as possible Added to this, the fie- 
quency of lymph node metastases below the diaphragm as mentioned above 
(i2 out of 23 cases) makes it advisable to open the diaphiagm, divide the 
stomach just distal to the cardia, and excise the lymph nodes in the region 
of the left gastric vessels By this proceduie the entire organ with the ma- 
joiity of its legional lymph nodes is lesected — an established piinciple of 
cancel suigeiy 

A desciiption of the technic of this stage of the opeiation is as follows 

Technic of Operation 

With the patient lying on his light side, a long oblique incision is made 
acioss the left side of the chest ovei the couise of the seventh or eighth 11b, 
resecting the 11b fiom the costal cartilage to its articulation with the tians- 
veise piocess of the veitebia Adjacent iibs may be divided iieai then necks 
by excision of shoit segments to afford the desired exposuie The pleura is 
incised and the anesthetist 1 educes the endotracheal piessure to allow the 
lung to collapse If the lung is adheient it is fieed enough to be reti acted 
medially Laige gauze pads are used to protect the wound edges and a rib 
spieadei is nisei ted 

With the lung retracted medially the mediastinal pleuia over the esophagus 
IS incised from the diaphragm to the aortic aich By blunt dissection the 
esophagus is mobilized and a tape passed around it for letraction As the 
esophagus is further mobilized the esophageal blanches of the aorta aie 
ligated and divided One 01 two small blanches from the left bronchial 
vessels must be divided The esophagus is cut acioss as low as possible and 
the distal end is inveited with silk sutures In the complete opeiation the 
esophageal hiatus of the diaphiagm is enlarged by dividing muscle fibeis 
and the cardia deliveied into the tlioiax The esophagus is divided at the 
cardia and the defect in the stomach wall closed After lemoval of the 
esophagogastric cluster of lymph nodes the diaphiagm is sutuied A fingei 
cot or small sheet of lubbei is tied over the cut end of the esophagus 

The mediastinal pleuia above the aortic arch is incised at a point posteiior 
to the left subclavian aiteiy The esophagus is mobilized by dissection at 
this point and anothei tape passed around it By woiking now fiom above, 
now fiom below the aoitic aich, that poition of the esophagus which lies 
behind it is liberated If necessaiy, better access to this portion may be 
obtained by dividing one or two of the upper intercostal arteries to allow 
reti action of the aoitic arch foiwaid and to the left, away from the esophagus 
In order to fiee the esophagus completely, the vagus nerves aie separated 
fiom it, but if one 01 both are inseparably adheient to the growth, they are 
divided The esophagus is then pulled up from behind the aortic arch 

The next step is to make a small incision m the lower portion of the neck 
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along the anteiioi bordei of the sternomastoid muscle The dissection is 
carried down to the pieveitebral fascia, retracting the carotid sheath laterally 
It may be necessary to ligate and divide the lateral thyroid vein The attach- 
ments of the esophagus m the base of the neck are freed by dissection with 
the finger from above and below, creating a passageway from the thorax 
to the neck A rapid alternative way to complete this step is to mobilize the 
esophagus m the lowei portion of the neck by blunt dissection with the finger 
from within the thorax A shoit ceivical skin incision made by an assistant 
then gives ready access to the passageway thus cieated from below A tape 
on the end of the esophagus is passed up from the chest and out the cervical 
incision and the esophagus is delivered in its entirety If a bulky friable 
growth IS present, it may be desiiable to divide tbe esophagus above it rather 
than attempt to force the entire organ through the ceivical tunnel The 
upper end is then delivered into the neck and the lower esophagus, including 
the growth, lemoved through the chest incision 

Interrupted silk sutures close the mediastinal pleura A layer-by-layer 
closure of the chest incision is made by interrupted silk sutures, taking care 
that the lung is fully reexpanded befoie the chest is made air-tight Sulfanil- 
amide crystals may be spread over the pleural sin fates and mediastinum 
before closuie Drainage is not used 

After the diessmg has been applied to tbe thoracic incision, the patient is 
turned on his back for the completion of the operation as follows The 
growth-bearing poition of the esophagus is removed with ample margin, 
taking care to cut across the viable poition of the esophagus which at that 
level IS determined by the blood supply of blanches from the inferior thyroid 
arteries Taking note of the remaining length of the proximal end, a short 
transverse incision is made through the skin of the upper thorax, below the 
clavicle if possible, and the end of the esophagus is drawn down through 
a subcutaneous tunnel and out thiough this incision A few"^ fine silk sutures 
are loosely applied to anchoi it The cervical incision is then closed The 
positive pressure within the trachea must not be released before the neck 
incision IS closed because there is a direct communication through the neck 
and superior mediastinum wnth the left hemithorax At the end of the 
operation examination is made for residual pneumothorax on both sides 
Large collections of air are removed by aspiration 

Ca)e of the Patient aftei Esophagectomy — The patient is kept m an 
oxygen tent during the first 24 to 72 liourc or until it is obvious that there is 
no embarrassment of respiration due to pneumothorax 01 the accumulation of 
fluid within the chest A small effusion need not be removed, but aspiration 
may be necessary if it is laige After 24 hours, small feedings are started 
through the gastrostomy and regular gastrostomy feedings are resumed as 
rapidly as the condition of the patient will allow 

The upper esophageal stoma may be allow^ed to empty into a large dress- 
ing of gauze which is changed frequently As an alternative, a rubber tube is 
fastened into the end of the esophagus In one case the pressure of the inner 
end of the tube produced a small area of necrosis and a fistula through the 
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wall of the esophagus near the stoma resulted A troublesome local cellulitis 
developed After ten or 12 days a soft rubber tube may be used to connect 
the esophageal stoma above and the Beck-Jiaiiu gastrostomy opening below 
In low-lying growths the proximal end can be left long enough so that the 
stoma will reach below the clavicle In such cases a rubber tube connection 
serves very well On the other 
hand, if the growth is high (oppo- 
site the aoitic aich or above, the 
proximal end will be so short that 
it will come only to the suiface of 
the neck above the clavicle where 
It IS exceedingly difficult to apply 
a rubbei tube because of the prox- 
imity of the epiglottis, the motions 
of the neck, and the angle of the 
esophagus with the skin Fm- 
thermore, a rigid, angulated tube 
of glass cannot be made to fit well 
or to stay in place easily 

Patients are sui pnsingly com- 
fortable, consideimg the mutila- 
tion to which they have been sub- 
jected, and lecovery is usually 
rapid On the average they aie 
able to be out of bed by the tenth 
or twelfth day after operation 
Subsequent Couise — Follow- 
ing the esophagectomy, the pa- 
tient may be allowed to leturn 
home wearing a rubbei tube be- 
tween the stomata Tin ough this, 
liquid food can be ingested, and in 
one notable case (Case 3) the patient ate soft solids and ground meat, wash- 
ing them down with draughts of fluid As a lule patients gam weight and 
strength But they aie not a happy group as a whole They often fret at 
their inability to eat a normal solid diet and complain of the annoyance of 
the daily care of the rubber tube It would seem from the humane standpoint, 
therefore, that one should look foiward in every case towaid the completion 
of an external esophagus by some type of plastic procedure 

Third Phase of the Operation 

Many methods have been proposed for the construction of an external 
esophagus from skin, stomach, colon, or jejunum Usually the skin of the 
anterior thoracic wall can be used successfully, but the details of the problem 
vary from case to case The construction of a skin tube is more easily 
accomplished in women than m men In men the skin is tighter and less 

905 



Fig 4 — Case 6 The completed external esophagus 
The prominence opposite the lower portion is caused bj 
the fundus of the stomach 



CHURCHILL AND SWEET 


Anmls of Siiripn 
Tiinc 1042 


fieely movable Fuitheimoie, m many cases theie is too much hair to make 
it advisable to tiiin m the skin most leadily available In one such patient it 
was estimated by counting the numbei per squaie inch that theie were 1,500 
coarse hairs gi owing m the rectangulai area of skin which would have been 
lequiied for the tube between the stomata In this case (Case 5), with the 
help of Di Biadfoid Cannon, a tube of skin nith a pedicle at each end has 
been consti ucted fi om the 1 ight side of the chest in the midaxillary line where 
there is no hair This tube is to be tiansplanted and eventually connected 
to the two stomata 

In two cases a functioning extra- 
thoiacic esophagus has been completed 
b)f tinning m a tube of skin (Cases i 
and 6) In the hist of these (Case 
I ) , the lo\\ er stump of esophagus was 
used as the stoma in the epigastiic 
legion In the second case (Case 6), 
the uppei half of the stomach with a 
shoit end of esophagus attached was 
hi ought up over the anteiior chest 
wall thiough a subcutaneous channel 
By this means the lowei esophageal 
oiifice was bi ought up to the level of 
the nipple and a shoitei skin tube was 
1 equii ed The functional 1 esult in the 
lattei case has been slightly better 
than in tiie foi mei 

In a fouith case, using a Beck- 
J lanu gasti ostomy stoma foi the lower 
end, a skin tube esophagus was almost 
completed (one stage only lacking) 
filled ^Mth b-iruim tTken b> mouth wiieii iiie paticiit GiCG 01 piieumonia 

(Case 7) 

The case histones may be consulted foi ceitam details of these plastic 
proceduies 

Summary of Experience with Suigical Treatment of Carcinoma of the 
Midportion of the Thoracic Esophagus (Zone 2) 

Fiom February, 1940 to Febiuary, 1942, 21 patients with caicmoma of 
the iindthoiacic esophagus have been considered possibly suitable foi resec- 
tion (Chait i) In all of these a prehmmaiy exploratoiy celiotomy was 
performed Twelve of these patients were excluded as candidates foi esopha- 
gectomy because of the piesence of lymph node metastases below the dia- 
phragm Of the nine cases without positive nodes below the diaphragm, one 
died of pneumonia before the chest could be explored Eight patients of this 
group of 21 came to thoiacic exploration Of these, two weie found to have 
a locally inoperable growth and resection was abandoned Resection was 
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earned out in six cases Of these, one died postopei atively of a ceiebial 
accident 

Of the five patients who suivived the esophagectomy, one has since died 
of distant metastases, and one died of pneumonia dui mg the process of making 
an extrathoi acic esophagus Of the three ultimate survivors, one is living and 
well with a completed external esophagus, another is so content with his 

Fate of 21 Patients with Carcinoma of the Mid Portion 
of the Thoracic Esophagus Selected from a Larger 
Group as being Probably Fovoroble for Resection 
Februory 1940 to February, 1942 



Chart i 


lubbei tube connection that he has thus fai lefused to consent to the making 
of a skin tube, and the thud is in the process of having an antethoiacic skin 
tube esophagus constiucted 


Table II 


CASES or CARCINOMA OF THE MIDPORTION OF THE THORACIC ESOPHAGUS (ZONE 2 ) 


Name 

Date 

Age 

Operation 

Result 

E P 

1938 

43 

Esophagectomy 

Alive with metastases External esophagus completed 

E C 

1939 

63 

Esophagectomy 

Died postoperatively 

R B 

1940 

48 

Esophagectomy 

Died Mith recurrence 

C W 

1940 

S 3 

Esophagectomy 

Died Mith recurrence 

A M 

1940 

59 

Esophagectomy 

Well External esophagus partially completed 

J L 

1940 

48 

Esophagectomy 

Well External esophagus completed 

P L 

1941 

57 

Esophagectomy 

Died 4 mos after operation 

J G 

1941 

72 

Esophagectomy 

Well 

B L 

1942 

68 

Esophagectomy 

Died postoperatively 


Table II sho\\s the total group of nine cases of caicmoma of the mid- 
thoiacic esophagus in ^\hlch an esophagectomy was performed, including the 
thiee cases done befoie Februar)% 1940 These three were not mentioned m 
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the above analysis because of lack of investigation of the abdominal lymph 
nodes at the preliminary abdominal operation 

MANAGEMENT OF CARCINOMA OF THE LOWER ONE-FOURTH OF THE THORACIC 
ESOPHAGUS AND CARDIAC END OF THE STOMACH (zONE 3) 

A growth located in or near the cardiac orifice of the stomach, if operable 
at all, can be resected and an anastomosis made between the proximal end of 
the esophagus and the stomach This opeiation utilizes a transthoracic 
approach through the diaphragm and is employed for certain low esophageal 
and high gastric carcinomata , in other words, for any growth in Zone 3 as 
defined above A caicinoina of the cardiac orifice of the stomach usually 
involves giossly 01 initioscopically, the lower end of the esophagus so that re- 
section with a margin of safety is a technical impossibility if the conventional 
abdominal incision is employed The technical advantages of the approach 
through the chest include greater ease of access to all of the structures in- 
volved in the procedure, the possibility of removing a longer segment of 
esophagus, and the avoidance of a total gasti ectoiny in the high gastric cancer 
group 

In comparison with the abdominal approach to this region, data collected 
by the Anesthesia Service indicate a more stable maintenance of vasomotor 
equihbiium even though the actual operation may be of longer duration It 
IS also oui impression that postoperative pain and pulmonary complications 
are lessened Certainly they are no greater 

Preoperative Preparation 

In addition to the usual prepai ation of the patient the follownng procedures 
may be mentioned 

( 1 ) A Levin tube is inserted intranasally on the morning of operation 
The end of this is kept at a level just pioximal to the growth, and during 
the course of the operation constant suction is applied This tube is then left 
in place above the level of the anastomosis during the first few' days of 
convalescence 

(2) It will be obvious to anyone familiar with the technic of modern 
thoracic slirgery that the induction of artificial pneumothorax as a preliminary 
to operation is unnecessary and undesirable 

(3) In depleted patients, starved by their inability to swallow, the per- 
formance of a preliminary jej unostomy may be advisable If the state of 
nutrition is reasonably good, it is unnecessary Of the 1 1 patients upon whom 
a resection with an esophagogastric anastomosis was performed, a preliminary 
jejunostomy was considered necessary in three Seven cases m this series 
weie successfully done without a jejunostomy 

Technic of Operation 

The patient is placed on his right side with his left arm drawn upward 
A long oblique incision is made over the course of the ninth rib (Fig 6) 
The latissimus dorsi, trapezius, and a few fibers of the serratus anterior 
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muscles and a part of the lumbodorsal fascia are of necessity divided The 
incision may be carried through the eighth or ninth intercostal space or 
through the periosteal bed of the resected ninth iib, according to individual 
preference The intercostal incision can be made more rapidly, but is more 
difficult to close unless one relies entirely on large pencostal sutures The 
rib resection technic requires more time with the opening, but provides an 
easier and more accurate closure The incision must be long and the rib is 



Fig 6 — Transthoracic approach to the stomach — details and location of incision 

resected from the cartilage to its aiticulation with the transverse piocess 
In order to gain more exposure adjacent ribs may be divided posteriorly It is 
well to avoid resecting or dividing the tenth iib, upon which the stability of 
the lower part of the thoracic cage depends The necessity for cutting the 
costochondral arch is the chief objection to tbe combined abdominothoracic 
incision Special rib retractois may be used if available, but two Balfour 
self-retaining abdominal retractors, one m each end of the wound, will serve 
very well Although they have been omitted m the illustrations, large gauze 
pads ai e used to protect the wound edges 

The anatomy of the field of operation will be appieciated from a study of 
Figure 7 If the lung is adherent, it is separated by sharp dissection After 
retracting the lung, the phrenic nerve is injected with novocain to immo- 
bilize the diaphragm If resection is earned out, the phrenic nerve is 
crushed to maintain the immobility of 'the diaphragm during the postoperative 
period 

An incision is made through the diaphragm extending from its costal 
attachments to the esophageal hiatus If a resection is decided upon, the 
incision IS extended to divide the hiatus In doing this the left inferior 
phrenic vessels on the undei surface of the diaphragm are ligated and divided 
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Tig 7 — Traiisthonctc ipprotch to the stomach — imtoni} of the field of oj>ention before 

incision of the diaphrigni 



Fig 8 — Transthoracic approach to the stomach — anatomj of the field of operation after 

incision of the diaphragm 


910 



NSmb'er”'^ RESECTION OF TUMORS OF STOMACH AND ESOPHAGUS 

It IS at this point that one begins to lealize the snpeiioiity of the tians- 
thoiacic appioach ovei that thiongh the abdomen The tumor, the anterior 
and posteiioi sui faces of the stomach, the letrogastnc space, the retropeii- 
toneal lymph nodes, and those m the uppei portions of the gastiocohc and 
gasti ohepatic ligaments aie diiectly accessible Palpation of the liver is easily 
perfoimed and m eveiy case it has been possible to explore with the hand the 
entne abdomen, including the pelvic cavity, to feel for metastases 

If a lesection can be performed, the phrenic nerve is crushed and the 
incision thiough the diaphiagm completed Long traction-sutures passed 
thiough the cut edges of the diaphragm and brought out through the wound 
aie useful (Fig 8 ) The spleen is held out of the way with a gauze pack 
The hvei is held back with a long flat letractor The pulmonary ligament 
IS incised and the lower two or three inches of esophagus mobilized 

The fundus and cardiac end of the stomach are mobilized by dividing 
the left gasti ic vessels and the vasa brevia Vessels passing behind the cardia 
and the lower esophagus to anastomose with the infeiior phrenic vessels are 
divided Division of the vasa bievia and hbeiation of the upper pole of the 
spleen from extension of the giowth into the henoienal ligament is readily 
accomplished Close adhesion of the uppei pole of the spleen to the growth is 
an indication for its removal without attempting separation 

The left gastric arteiy may be divided at its origin m order to remove 
the legional nodes which surround it The splenic artery is isolated at the 
point of Its emeigence on the upper border of the tail of the pancreas, and 
the posterior peiitoneal wall of the lesser omental cavity at this point excised 
if the growth lies adjacent Extension of the caicmoma to surround the 
splenic artery at this point may require its resection followed by splenectomy 
Fuither extension to the tail of the pancieas is managed by partial resection 
of this organ 

At this point the field of opei ation is protected with a second set of gauze 
pads and caie is taken to covei the intra-abdommal and intrathoiacic sur- 
faces as completely as possible Whatever method is used to minimize con- 
tamination fiom the lumen of the esophagus, care is taken not to crush or 
devitalize it A rubber-covered clamp may be applied loosely, a lung hilum 
tourniquet fitted with a broad tape may be used , or if suction by the indwell- 
ing tube IS effective, no occluding device whatsoever need be applied The 
esophagus is divided well above the highest level of visible or palpable tumor, 
but always at least two or thiee inches above the cardiac orifice 

Because of the stiictly segmental distribution of its blood supply, the 
mobilization of the lower esophagus is done gently to avoid damage to the 
esophageal aiteries which aiise from the aorta The esophagus is divided at 
least two 01 three inches above the cardia because the interruption of the left 
gasti 1C, the vasa brevia, and the inferior phrenic arteiies, all of which con- 
tiibute to the blood supply to its lower extiemity, may deprive the segment 
just above the caidia of an adequate cii dilation 

The stomach is divided belov the level of the giovth, placing the clamp 
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SO that as much as possible of the greater curvature is preserved The stump 
of the stomach is completely closed by suture An end-to-side anastomosis 
between the esophagus and stomach is then performed (Fig 9) 



Tig 9 — Transthoncic approach to the stomach — appearance after remoaal of 
the growth and closure of the cut end of the remaining portion of the stomach 
preparation for the anastomosis 


Certain differences between this anastomosis and other gastro-intestmal 
anastomoses are impoitant in determining the details of technic Not only 
the tensile strength but the water-tight quality of the anastomosis depends on 
the row of sutures in the mucous membiane This layer is sutuied with the 
care and nicety accorded the placement of a vermilion border suture m the 
lip in the most meticulous plastic operation Interrupted sutures of fine silk 
are used throughout 

To avoid any clouding of the field with blood while placing sutures m the 
mucous membrane, it has been found advantageous first to complete the 
preparation of the gastric part of the stoma This is done before the stomach 
is anchored 111 position for the actual anastomosis Certain authors report 
that a stricture is likely to result if a linear incision m the stomach is used 
This objection is said to be overcome by excising a circular button from the 
stomach wall m forming the stoma Both methods have been employed m 
our cases without discernible difference 

The sequence of the subsequent steps in performing the anastomosis is 
a detail which may be altered according to individual preference or the pre- 
senting complexities of regional anatomy These steps are recorded in the 
classical sequence of gastro-intestmal anastomosis 

After complete hemostasis has been secured m the gastric incision made 
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for the anastomosis, the stomach is anchored high on the posterior thoracic 
wall to relieve tension on the suture line Interrupted mattress sutures unite 
the posterior muscular layer of the esophagus to the serosa and muscles of 



Fig 10 — ^Transthoracic approach to the stomach — details of the esophagogastric anastomosis 


the stomach The mucous membranes are approximated with sutures so 
placed that the knot lies within the lumen These are tied without tension 
which will lead to cutting when the tissues swell An anterior row of sutures 
completes the union of the muscular coat to the stomach The suture line is 
covered with omentum (Fig lo) 

Certain measures are employed to make certain that the suture line is 
relieved from any tension The leaves of tlie pulmonary ligament and adja- 
cent mediastinal pleura are sutured to the stomach close to the suture line 
The cut edges of the diaphragm are sutured to the stomach wall several 
centimeters below the level of the anastomosis The remainder of the dia- 
phragmatic incision is then closed The thoracic wall incision is closed in 
layers (Fig ii) 

During the course of the operation the left lung is kept partially collapsed, 
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bvtl It IS impoitaiit at inteivals of 15 to 20 minutes to allow the anesthetist to 
expand the lung fully foi a few moments At the completion of the opeia- 
tion, while the fiist layer of pleuial sutuies is being inserted, the anesthetist 
begins to expand the lung again, and befoie the last suture of the first layer 
IS tied, the suigeon makes ceitain that expansion is complete 



Tic II — Tnnsthoncic approich to the stonnch — completion of esoplngogastnc amstomosis 
Inserts show details of fastening omentum around the suture line ind the methods of fixation of the 
stomach to avoid tension suture to the chest wall, the leaves of the pulnioii irj ligament, and the 
paralv zed diaphragm 

Postoperative Care 

Except foi the incision and the conduct of the anesthesia, the opeiation 
itself diffeis little fioin any abdominal opeiation The aftei-caie, how^evei, 
IS piactically entiiely a thoiacic pioblem, except foi the usual consideiations 
attendant upon the management of a gastiic anastomosis The patient is 
immediately placed in an oxygen tent or hood Special nuises aie essential 
The usual tiansfusion and paienteial fluids are given Suction is maintained 
on the intianasal catheter This will usually diain a bloody fluid at fiist, 
but latei, during the first few days, seveial hundred cubic ceiitimeteis of bile 
and gastric secretions may be aspiiated The low’^ei end of this tube is kept 
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at a point just above the anastomosis Fluids by mouth may be Started in a 
week The nasal tube is then removed A soft solid diet is given by the end 
of two weeks 

Postoperative Complications 

(1) Amicular flutter occurred in two cases One of these (Case i6) 
lecovered, the other (Case 13) died on the fifth postopeiative day 

(2) Three patients developed empyema (excluding the two fatal total 
gastiectomy cases, both of which died because of sepsis) These were Cases 
2, 5 and 14 In one of these (Case 2) the complication was seiious and devel- 
oped because of leakage fiom the anastomosis which was done by the now 
discaided method of implantation of the end of the esophagus into the stom- 
ach The others weie of minor impoitance and lesponded piomptly to diain- 
age 

Physiologic Considerations 

(1) Action of the Diaphagm (a) In those cases wheie only an ex- 
ploiation IS possible, preservation of the function of the diaphiagm is un- 
doubtedly piefeiable In the cases with resection an inactive diaphragm is 
believed to be advisable to prevent pull on the sutuies of the anastomosis 
In this series no ill effects attiibuted to the paralyzed diaphragm were 
obsei ved 

(b) Hei Illation through the diaphragm has been a complication 111 
expel imental animals, and m dogs has been a cause of vomiting It can 
be successfully opeiated upon, as was shown by Adams and associates ^ 
There are apparently no repoits of its occuiience 111 man 

(c) Pam refeired along the course of the phienic nerve to the left 
shouldei has not been obsei ved even in the inopeiable cases wheie 
the neive has been preseived 

(2) Gasti o-mtestmal Motility and Digestive Function The possible haim- 
ful effects of dividing the vagus neives must be consideied In some of the 
dogs desciibed by Adams and associates, although they survived the opera- 
tion, a slow death fiom inanition occuired which was attiibuted to loss of 
the vagus function One of the patients m this senes developed a severe 
nutiitional deficiency charactei ized by all the signs characteiistic of vitamin 
B-complex deficiency and nutiitional edema This occuiied m spite of feed- 
ings by jejunostomy, paienteial admmistiation of vitamin concentrates and 
liver extiact, and tiansfusions Although there was a complicating empyema, 
the nutritional deficiency appeared to have contiibuted m a large measure 
to the patient’s death about three months after the opeiation This has not 
occuiied, hovever, m any of the othei patients who have had a lesection and 
esophagogasti ostomy noi m tvo othei s on whom an esophagectomy for car- 
cinoma was peifoimed, at which time both vagi weie cut These patients 
niaintam a good state of nutiition 

Fluoioscopic obsei vation of the stomach aftei this opeiation leveals a 
diminished oi absent gastric motility, but that of the duodenum and jejunum 
seems to be approximately normal As would be expected also, there is 
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spasm of the pyloi ic sphincter Careful anatomic studies, published by 
GAG Mitchell, would lead one to expect an overactivity (or rather an 
unopposed action) of the sympathetic nerve fibers that remain m the region 
of the pylorus and lower portion of the stomach 

Careful fluoroscopic observation of one of these patients (Case 6) whose 
lower esophageal stump and the fundus of the stomach were brought over 
the lower ribs and out through a subcutaneous tract, confirmed these ex- 
pectations In this case the gastric peristalsis was so weak and the pyloric 
sphincter so overactive that it was necessary to perform a pyloroplasty by the 
Hieneke-Mikuhcz technic so as to inactivate and widen the pyloric sphinc- 
ter The details of a study of this case are to be published elsewhere 

As a result of this disturbance of gastric motility and hypertpnicity of the 
pylorus, several of the patients upon whom an esophagogastric anastomosis has 
been performed complain of more or less difficulty of an obstructive nature 
for a few weeks after operation This often leads them to believe that they 
are unable to swallow and may mislead their medical attendants to believe 
that they have an early recurrence Fluoroscopic observation demonstrates 
that the delay is at the pylorus, not at the anastomosis Experience has 
shown, however, that the condition is usually temporary and will correct itself 
A few patients complain of regurgitation of gastric contents into the 
esophagus, especially when lying flat It has been relieved by elevation of 
the head of the bed or the use of more pillows 

Table III 

TRANSTHORACIC APPROACH TO THE STOMACH (21 CASES) 


Resection Followed by CsophaRogastrostomy {n Cases) 


Case 

Name 

Age 

Diagnosis 

Result 

(I) 

H E 

59 

Carcinoma of cardia 

Well 26 mos after operation 

(2) 

A P 

59 

Carcinoma of fundus 

Died 3 mos after operation 

( 3 ) 

J T 

55 

Carcinoma of fundus 

Died with recurrence I4 
mos after operation 

( 5 ) 

P B 

68 

Carcinoma of cardia and fundus 

Well 16 mos after operation 

( 9 ) 

A D 

67 

Carcinoma of Ion er esophagus 

Well 14 mos after operation 

(II) 

W E 

49 

Carcinoma of cardia and fundus 

Well II mos after operation 

( 13 ) 

O R 

52 

Carcinoma of cardia 

Died in hospital 

( 14 ) 

S M 

44 

Carcinoma of loner esophagus 

Well 7 mos after operation 

(is) 

A K 

64 

Carcinoma of cardia 

Well 7 mos after operation 

(i6) 

J L 

49 

Carcinoma of cardia 

Well 6 mos after operation 

(Ip) 

H C 

SO 

Carcinoma of lower esophagus Well 3 mos after operation 

Total Gaslreciomy wtlh IZsophagojcjunoslomy {2 Cases) 

(lo) 

M 0 

55 

Carcinoma of entire stomach 

Died m hospital 

(i7) 

G W 

46 

Carcinoma of cardia 

Died in hospital 


Total Gastrectomy in Two Stages (Inoperable at Second Stage) (t Case) 


(12) 

W A 

43 

Carcinoma of entire stomach 

Local Excision of Tumor (z Cases) 

Discharged from hospital 

(6) 

E L 

so 

Sarcoma of fundus 

Well 13 mos after operation 

(21) 

M S 

36 

Neurofibroma of cardia 

Exploration Only (5 Cases) 

Well 2 mos after operation 

( 4 ) 

C W 

40 

Carcinoma of fundus 

Discharged from hospital 

( 7 ) 

F S 

62 

Carcinoma of fundus 

Discharged from hospital 

(8) 

J 0 

72 

Negative stomach 

Discharged from hospital 

(18) 

L G 

SI 

Carcinoma of fundus 

Died in hospital 

(20) 

C E 

36 

Carcinoma of cardia and Ion er esophagus 
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Summary of Experience with Carcinoma and Other Neoplastic Lesions of 
the Cardia and Lower Esophagus (Zone 3 ) 

Table III shows that a total of 21 patients with lesions in this area were 
explored by the transthoracic route Of these in one case no tumor was 
found In four cases of carcinoma of the cardiac end of the stomach the 
growth was found to be inoperable One of these remained m the hospital 
for terminal care and died four weeks after the operation The other three 
were discharged two to three weeks after exploration In a sixth case a two- 
stage transthoracic total gastrectomy was attempted, but the lesion was found 
to be inoperable at the second stage There were two cases, one of neuro- 
fibroma and the other of fibrosarcoma of the fundus of the stomach, treated 
by local excision of the tumor through the transthoracic route In the re- 
maining 13 cases of carcinoma a resection was done In two of these a total 
gastrectomy with an esophagojejunal anastomosis in the thorax was done 
Both died, one because of leakage at the suture line, the other of widespread 
sepsis from soiling at operation but with an intact suture line In the remain- 
ing II cases a resection and esophagogastric anastomosis was performed 
In three of these cases the growth was m the lower end of the esophagus , in 
eight it arose in the stomach There was one postoperative death (from 
auricular flutter) Ten patients survived the operation Two of these have 
died of recurrent disease All of the remainder are well and free from symp- 
toms from three months to two and one-half years after the operation These 
results may be said to compare favorably with those from resections for car- 
cinoma in other locations in the stomach 

Note Case Justoues to accompany this papei will be published in the October issue of 
Annals of Surgery 
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DISCUSSION — Dr Dallas B PhEMISTER (Chicago) These results of Doctor 
Sweet s and Doctor Churchill’s are perhaps the best that have been reported and the 
senes is large enough in itself to establish transthoracic resection as the best treatment for 
tumors in these locations 

I have had 12 cases in which resection was performed with eight immediate sur- 
vivals In 1 2 cases the carcinoma was in the middle one-half of the esophagus and the 
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tumor wis removed through the left chest nnd neck Four cases survived the operation 
One died, after four or five days of infection Two cases subsequently died of the 
recurrences Two arc still free from recurrence, one, for over three months, and one, for 
I 6 months 

In seven cases, the carcinoma was located lower down, three, in the esophagus, and 
four, in the proximal stomach Resection was performed followed by anastomosis 

Four cases survived the immediate operation One died of leakage and infection 
at the end of a week, one, of fibrillation and heart failure, and one of pneumonia and 
mcdiastinitis, without leakage 

Three cases arc alive and apparently free from recurrence, one for nine months one 
for 14 months and one for four and one-quarter years The last case was reported by 
Doctor Adams and myself it the longest survival that I can find This patient had 
carcinoma of the lower esophagus with metastascs in the lymph nodes, in the upper 
portion of the lesser curvature and it demonstrates that metastascs in this region arc not 
necessarily a contraindication to operation 

The 12 cases have been operated upon in one stage with one exception where a 
preliminary gastrostomy was performed I believe that the routine should he a one- 
stage operation through the left chest In the stomach cases, when the resection is ex- 
tensive there may he difficulty of approximation for anastomosis In one such case I 
incised the peritoneum alongside the duodenum and mobilized it so that anastomosis then 
became possible 

As to the technic in the highest esophageal cases where anastomosis is impossible 
The left chest and the upper abdomen arc prepared and draped in the same field If the 
esophageal tumor after opening the chest, appears to be resectable, the lymph nodes of 
the upper part of the lesser cunaturc arc then explored for metastascs and the possibility 
of their operative removal in one such case we found them involved and removed them 
The esophagus is then freed in its entire extent and divided below the level of the tumor 
If the lower end of the esophagus is long enough, the stomach is mobilized in its upper 
portion, a stab incision is made below and to the left of the xiphoid, and the esophageal 
stump IS then pulled through That procedure can be carried out very quickly It has been 
employed in three cases 

If the stump is too short, a large mushroom catheter may be inserted, transthoracic- 
ally, into the stomach and pulled through an anterior stab incision The chest is then 
closed, the neck is draped, and the esophagus brought out through a neck incision after 
which the tumor is resected and the esophagostomy established cither through a lower 
incision or if it is too short, through the same incision 

The thoracic duct was involved by the tumor in two cases, once within the abdomen 
and once up near the thoracic arch It was ligated, divided, resected, and there was no 
leakage of lymph afterward The left lobe of the liver was attached to the tumor in one 
case, and it was resected 

I want to show some malleable retractors for use in these resections (Slide ) This 
IS for the lower resections when anastomosis is made It is roughly a cross-section of the 
chest at that level (Slide ) Here is a malleable retractor for resection higher up We 
have two or three for use according to the level of the tumor 

Dr WALTMAN Walters (Rochester, Minn ) I should like to make a few com- 
ments on one case of this type which I have done, paying tribute to Doctor Phemister 
and his associate. Doctor Adams, and to Doctor Ochsner and Doctor DeBakey, for their 
excellent description of the technic of the operation 

I regret to say that I am not a thoracic surgeon, and that is one of the reasons I am 
reporting this case in view of the fact that, as a general surgeon the transthoracic removal 
of a carcinoma of the upper part of the esophagus did not seem to be such a difficult pro- 
cedure 

I will not go into the details of the case, except to say that I followed exactly, as 
best I could the description which Doctor Ochsner and Doctor DeBakey described in 
their summary of their results in cases of this type I believe that I learned a great deal 

from the case For example, in Doctor Churchill s and Doctor Sweet s drawings, you 

will remember that the lower part of the esophagus seemed to be on a curve at its en- 
trance to the anterior wall of the stomach I believe that in the ensuing dilatations of 

the anastomoses which were necessary in the case I did if you do not have that curve but 

918 



Numr. RESECTION OF TUMORS OF STOMACH AND ESOPHAGUS 


have a direct line between the esophagus and the anterior wall of the stomach, it will be 
much easier to carry out the dilatations 

Secondly, I believe that Doctor Ochsner’s use of the upper part of the stomach — 
that IS the greater curvature — as an anchor, so to speak, as well as a tab, to protect the 
posterior part of the anastomosis and relieve the tension on it, is a very valuable pro- 
cedure I do not think it was illustrated in Doctor Churchill’s and Doctor Sweet's 
drawings, but possibly they employed the same method It relieves the tension on the 
anastomosis and then, with the use of the omentum around it anteriorly, it is very helpful 
in contributing to the blood supply of this area 

Finally, I believe that at least in my very limited experience, the skill of the 
anesthetist contributed to this patient’s survival of a long operative procedure You will 
recall, I said it was not difficult, but most certainly it was long It took two hours and 
one-half to complete this procedure, and, at the suggestion of the anesthetist, every few 
minutes we would allow him to inflate the lung, cyclopropane being used Then the 
loss of heat was prevented as well as one could possibly do so, with the use of moist 
gauze dressings Multiple transfusions were used in this case, both preceding the opera- 
tion and afterward A one-stage jejunostomy was performed at the first operation I did 
not know enough to ligate the gastrohepatic omentum or the ligamentum gastrolienale 
and Its blood vessels at the time of the preliminary operation, which probably would 
have made the mobilization of the stomach much easier But I was trying to feel my 
way along and failed to do it Yet I found in the second stage that it had not par- 
ticularly made the operation more difficult In other words, I am only presenting this 
case because it may give encouragement to some of the surgeons who are less experienced 
in intrathoracic surgery and physiology 

Dr Alton OCHSNER (New Orleans, La ) A few words about the technical de- 
tails I am one of the advocates of the right-sided approach, primarily, because I think 
It IS easier to do, and also because I have recently been able to demonstrate that one can 
remove all of the distal portion of the esophagus I am talking about those cases m 
the resection of the mid-portion of the esophagus 

At the last meeting of the American Society for Thoracic Surgery, held in Toronto 
last June, the criticism was brought up that from the right side one could not remove 
enough of the distal portion of the esophagus Since that meeting, I have had an oppor- 
tunity to explore one of the patients upon whom we had operated from the right side 
In reconstructing the esophagus anterior to the thorax, we brought up the stomach and 
found the entire esophagus had been removed and only the fundus of the stomach was 
left So I think that it is possible to remove all of the esophagus from the right side 

Another technical point is that, in contradistinction to what Doctor Phemistcr docs, 
we feel that the tumor should be removed in the chest and that it should not be brought 
up through the neck because of the danger of a possible implant from the tumor 

A word about the combined abdominothoracic tumor — those tumors located lower 
down We feel that they should be undertaken in two stages, in contradistinction to the 
midportion of the esophagus — at the first stage not only determining whether the case 
IS operable or not, but freely mobilizing the stomach, as Doctor Walters has mentioned 
In one of our patients the tumor had extended down to the lesser curvature The 
case seemed inoperable We mobilized all the gastrohepatic omentum, freed it down the 
greater curvature for about half the distance, and were able to remove all of the lesser 
curvature That patient is alive now two years later Had it not been for the fact 
that we had mobilized the stomach before, I am sure that it would not have been 
possible to have accomplished as radical a resection as we were able to perform 

Dr Edward D Churchill (Boston, Mass , closing) I hope that the members 
of the Association will be willing to reserve their judgment in this field until those who 
are working in it have had a longer chance to solve some of these difficult problems 
I think that it is a maze of conflicting details at the moment 

I think there arc two or three fundamental principles that ave must keep in mind in 
approaching any one individual patient First of all, our goal is the cure of cancer, and 
we know from bitter experience in other fields, that any concessions made to future 
reconstructive plastic procedures may be pitfalls 

Second, we arc doing our best to aaoid intolerable mutilation under the excuse of 
palliation I think the figures that Doctor Sweet shoaved avere that approximately 50 
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per cent of the patients with the midportion of the thoracic esophagus involved which 
seem operable thoracically, have extensive abdominal lymph node metastases and in those 
cases, rather than subject them to the mutilating procedure we ‘ call it a day” and quit 

In the technical details there is no limit to the points of controversy and discussion 
I should emphasize what Doctor Sweet said about the suture line in the esophageal gastric 
anastomosis which is on a different principle than the suture line of the gastro-enterostomv 
because the water-tight suture line and nearly all of the tensile strength of that suture 
line depend on accurate mucous membrane approximation and those mucous membrane 
sutures are placed with the exactitude and with the degree of tension that we would use 
in the fine plastic procedure on the lip There must be no tension and there must be 
accuracy 

Doctor Ochsner and Doctor Sweet arc on different sides in regard to the method of 
approach While Doctor Ochsner points out that the entire esophagus can be removed 
from the right thorax I wonder if he would also say that the left gastric artery can be 
ligated at its point of origin and resected with the lymph nodes that run between that 
point and the cardiac end of the stomach 

I do not agree with Doctor Ochsner s comment that preceding abdominal operation, 
It IS necessary to mobilize the stomach when you ire contemplating performing an 
esophagogastric anastomosis, because we find that the exposure through the diaphragm 
IS adequate to carry out a complete total gastrectomy should the occasion necessitate 

I will also point out that the surgeon may approach a patient, expecting to do a 
resection, with an esophageal gastric anastomosis and that he will find, by the time that 
he has gone far enough down on the stomach to give him a safe margin and far enough 
up on the esophagus to give him a safe margin he cannot bring the two ends together 
and he must convert his procedure to the turn-out operation 

Dr Richard H Sweet (dosing) There are just one or two notes I made during 
the discussion that I would like to point out As Doctor Churchill said in two cases we 
have converted a planned esophageal gastric anastomosis into a turn-out operation 
and have done essentially Doctor Phemister s one-stage operation 

I am sorry to hear Doctor Walters say that these cases should be undertaken only 
by thoracic surgeons Or did I make the wrong inference'* I think they should be done 
by abdominal surgeons because although I am told that many thoracic surgeons are 
excellent abdominal surgeons I know that the abdominal surgeons can make a most 
satisfactory anastomosis and I think the anastomosis is the most important part of the 
operation 

We have had no strictures in our cases Just why, I do not know, but it remains 
as a fact Perhaps we have paid unusual attention to the detail of the anastomosis 
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To the experienced surgeon gaseous distention before oi following 
abdominal surgery is an unwelcome sign and so often indicates a serious 
condition it cannot be regarded lightly At the same time a flat abdomen 
during convalescence is extremely comforting Fortunately at this time, with 
better knowledge of its etiology, this complication is often preventable Only 
those who piacticed suigeiy 20 years ago, when gas formation was too little 
understood, can appreciate the importance of experimental physiologic studies 
of intestinal gases, and then origin, to the safety of abdominal surgery To 
appreciate the serious problem of gaseous distention and the erioneous con- 
ception concerning its cause, and the methods employed for its relief, the 
younger surgeon should read the older text books,^ which devote many pages 
under the headings of “Postoperative intestinal distention,” “Acute post- 
operative intestinal obstruction,” “Acute postoperative gastric dilatation,” 
“Preoperative purgation, postoperative purgatives,” “Mouth laxatives 01 mild 
purgatives” (such as calomel and soda), “Medicated rectal enemata ” Tui- 
pentine stupes, poultices, icebags, strychnine, physostigmine and atropine 
were commonly used Each surgeon had his especial enema containing 
various drugs One famous surgeon of the South had an enema of renown 
which was called “16 to i enema” aftei the W J Bryan money-standai d-plan 
of 16 parts of silver to one of gold This enema had 16 drugs to one part 
of water, and no gas could resist it 

The erroneous belief that intestinal gases weie the result of putrefaction 
caused preopeiative purgation and starvation to be practiced, routinely, to 
prevent postoperative distention It was a long time before it was realized 
that such practices, far from preventing distention, actually increased and 
prolonged distention and delayed the leturn of peristalsis Furthermore, the 
resulting disturbance of water and electiolytic balance was at times so 
great as to bring about death of the patient Although it was early noticed 
by some workers that cases which were operated upon as emergencies with- 
out preopeiative preparation, had less distention than those who were exten- 
tively prepared in advance, nevertheless, there seems to have been no implica- 
tion that the purging and starvation policies were actually at fault 

What me the Effects of Gaseous Distention^ Gatch- has stated that 
“Distention is the most important cause of death from all forms of bowel 
obstruction, mechanical or paralytic, and most of the other supposed and 
suggested causes of death cannot exist in the absence of distention ” With 
this statement we agree Since distention does play such a vital role in 

*Read before The American Surgical Association, Qe\ eland, Ohio, April 6-8 1942 
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abdominal suigery, it might be well to considei first of all the specific effects 
which it pioduces 

Effects of Gaseous Distention — Toxic Effects Theie is very little sup- 
poit foi the theoiy, laigely originated by Amussat,'* that with accumulation 
of gases and liquid mateiial in the intestines toxic pioducts aie absorbed into 
the geneial cii dilation Some workers contend that liquid or gaseous con- 
tents of the bowel or othei haimful pioducts as undigested protein and 
bacteiial toxins aie absoibed, but these are not under noimal conditions 
absoibed until they aie bioken down into nontoxic mateiial ° 

Effects of hnpaiiment of Cd dilation of Boivcl Wall fioin Gas Picssiuc 
Gatch, following extensive investigation, is of the opinion that the various 
effects of gaseous distention may be laigely tiaced to the pressure upon the 
bowel wall, affecting its blood and Ijmphatic ciiculation This pressuie 
results in anemia of the bowel wall and, later, a congestion, which may seri- 
ously involve the viability of the wall In addition, noimal l}mphatic capillar} 
function may be seiiously involved, with the loss of the selective power of 
absorption “(i) By diminishing the volume of blood flow thiough the 
intestinal wall, (2) by alteiing the physical forces involved m absorption, 
and (3) by damage to the intestinal wall, this affects both the activity of 
the mucosa and the physical forces which hindei or promote absorption ” ' 

Effect of Distention on Intestinal 1 one Not among the least important 
of the effects of distention is the inteifeience with the noimal motility of the 
bowel With stretching of the tissue, deci eased activity of the neive mecha- 
nism of the bowel, as well as of the musculai contraction, results, and if 
the distention lasts foi a considei able length of time, even though the dis- 
tention IS lelieved, the power of contraction is delayed, often foi seveial 
days, resulting in what is known as “paialytic ileus” Abnoimal distention 
of all hollow organs, if prolonged, results in atony This is commonly seen 
with the urinaiy bladdei Again, sudden overdistention of the stomach may 
result in “acute dilatation” with a loss of conti acting ponei The over- 
distended intestine behaves in a similar manner Also the tempoiary ileus 
which accompanies trauma to the bowel will be prolonged if the bowel is 
distended but if the bowel remains collapsed normal peiistalsis is soonei 
restored If this is true, keeping the bowel fiee of gas is indicated after 
trauma to the bowel (operation) 

Other Effects of Distention Less Easily Explained may be (i) Changes 
111 blood coiiceiiti atioii have been repoited by Fine and coworkers, and also 
Gatch and Battersby, who observed that intrapentoneal loss of blood protein 
lesults from distention, and blood concenti ation follows (2) The effect of 
distention on liver and kidney function has been indicated by On, and asso- 
ciates ® They think that distention may play a part m the failui e of livei and 
kidney function “Livei function is first impaired by nerve reflex inhibition 
due to distention of the intestine The anoxemia piesent m cases of severe 
intestinal distention may pioduce a maiked impanment 111 the foimation of 
bile and urine ” 

* Personal communication 
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Van Dviyn II ‘ has concluded fiom caieful clinical observation that abdomi- 
nal distention may be the etiologic factoi in blood changes siinilai to 'leuko- 
cytic exhaustion ” He found a mixed degenei ative-i egeneratn e pictuie with 
neutrophils, myelocytes, monocytopenia and absence of eosinophils He states 
“Abdominal distention is concluded to be at least one important cause of the 
degeneiative blood picture The actual mechanism of production is through 
absorption from the distended intestinal wall of some apparently nonbacterial 
toxic substance which acts either directly or indirectly as an inhibition of 
leukopoieses ” 

ORIGIN OF INTESTINAL GASES 

In order to pi event gaseous distention it is necessaiy to understand the 
oiigin of intestinal gases 

Av as the Chief Soiiice The origin of intestinal gases has been gener- 
ally misundei stood foi a long time, and the belief that intestinal gases oi iginate 
within the bowel and are largely the lesult of putrefaction is fiimly fixed in 
many minds Kantor® said, in 1918, after animal experimentation, that “In 
general, gaseous accumulations in the upper digestive tract have atmospheiic 
air as the base The air is introduced by swallowing ” Again, Bickman,*^ 
in 1924, wrote that postoperative distention was partly due to swallo^^ed air 

In spite of these eaily obseivations, surgeons have been slow to appie- 
ciate and accept the fact that swallowed air is by fai the chief source of 
intestinal gases m 1101 mal intestines as well as the intestine m a condition 
of ileus or obstiuction 

In support of the tlieoiy that swallowed air is the chief source of intestinal 
gases, analyses of these gases have frequently been made, and the vaiiations 
from the gases of the air have been found to be slight An analysis of the 
gases of the air is as follows 

Carbon Methane 

Oxygen (O.) Nitrogen (N-) Dioxide (CO-) Hydrogen 

Composition of air 20 96% 79% 04% — 

Table I 

ANAIYSES or INTESTINAL GASES IN ANIMALS VilTH ILEAL OBSTRUCTION 
Singleton and Rogers 

Analyses of Gases Withdrawn from Intestine of Mechanically Ob- 
structed Dogs 


Dog No 

Hours 

CO'% 

0 % 

N% 

CH 4 % 

I 

72 

4 5 

10 7 

83 0 

I s 

2 

48 

10 7 

3 I 

82 6 

3 6 

6 

12 

5 9 

13 I 

80 8 

0 2 

7 

48 

9 I 

I S 

89 4 

0 0 

8 

48 

9 3 

0 0 

90 7 

0 0 

9 

72 

14 0 

S 8 

77 4 

2 8 

10 

72 

12 I 

0 8 

87 I 

0 0 

Average Composition Intestinal 
Gas 

Composition of Atmosphenc Air 

9 51 

0 04 

5 0 

20 94 

84 42 
79 02 

I 2 

0 0 


XVangensteett s’® Report 
Methane 

N Carbon Dioxide O' Hidrogen H S \mmoniated Methane 

70% 0-12% (near io-i27c (drop Low % i-i47c (increase K-4% (increased with 

that found in after 72 hours) after death) long obstruction) 

blood gases) 
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Wangensteen says “In quantitative determination of the origin of gases 
occurring m small bowel obstruction, about 68 pei cent of the gas was esti- 
mated to have arisen from swallowed an The amount formed within the 
body was 32 per cent of the amount, 70 per cent originated from diffusion 
from the blood into the bowel lumen, and the remaining 30 per cent arose 
from decomposition of food matter ” In other words, only 9 per cent of the 
total was from decomposed matter 

Cltmcal Analysts of Intestinal Gas Mclver, Benedict and Cline” ana- 
lyzed gases drawn from the rectum in postoperative distended patients and 
nonsurgical patients The percentage of nitrogen is uniformly high, and since 
free nitrogen is liberated in the intestine only 111 small quantities, if at all. 
It must be derived from air , either directly from sw'allow'ed air or indirectly 
from diffusion from the blood stream, w'hich is saturated with nitrogen 
The oxygen figures are low The percentage of hydrogen and methane are 
lower in postoperative distention than in medical cases Since the composi- 
tion (except for the small amounts of hydrogen and methane) is that of air 
modified by interchange with the blood gases, the findings are not incon- 
sistent with the view that swallowed air plays a role in the production of post- 
operative distention 

Wangensteen and Rea’s’* experiments with cervical esophagostomy not 
only proved conclusively that distention was due to swallow'ed air in obstruc- 
tion but that distention hastens the death of the animal He says “The 
exclusion of swallowed air obviates the distention factor and, in turn, the 
sequelae of decreased viability and increased permeability wdiich attend sus- 
tained increases of intraluminal pressure — that the mechanical factor of dis- 
tention and not a ‘toxic factor’ accounts for the lethal issue m ileal obstruc- 
tion ’’ We have repeated Wangensteen’s esophagostomy experiments and 
found that no gas could be recovered from the obstructed intestine 

As further evidence that intestinal gases come from swallowed air w'e 
have observed that in patients with excision of the esophagus or wuth com- 
plete stricture, with gastrostomy feeding, the absence of gas m the bowel, 
even in the colon, is quite noticeable 

RELIEF OF DISTENTION 

Unfortunately, distention has already occurred in many cases before the 
patient reaches the surgeon m intestinal obstruction or acute abdominal in- 
flammatory diseases, such as cholecystitis, appendicitis, etc in which case 
the problem of removing the gas is paramount Enemata, purgatives, eserine, 
pituitnn and other drugs are generally not dependable and are better em- 
ployed sparingly The use of gastric or gastroduodenal suction may re- 
move some of the gas from the intestine, but, more important, it will prevent 
further distention, and the absorption of some gas will occur, giving a degree 
of relief After distention has occurred the problem of removing the gas is 
a difficult one either in dynamic or adynamic ileus, chiefly because the 
nitrogen is not absorbable 
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Mclver, et al found that the rates of absorption of intestinal gases 
varied 

Nitrogen has a very low rate of absoiption because the blood and tissues 
are saturated with N2 (of an atmospheric pressure) Swallowed air is 79 
pei cent Ni, and intestinal gases are 70 per cent N> Thus, w'e conclude that 
gaseous distention is laigel}'’ the result of swallow^ed aii, and we, further, see 
why distention is not relieved by the absoiption of the intestinal gases 


PcBccMTASE Composition 

0 10 20 30 40 50 60 70 60 90 100 



Average composition of intestinal gases of mechanically 
obstructed dogs - 

Chart i 


Cubic CtHriHtmis 

0 ICl 10 30 40 30 60 70 60 60 lOO 110 110 <30 UO <60 160 



Chart 2 


Furthermore, when the intestine becomes distended, lesultmg in venous 
stagnation, COj, instead of being absorbed by the blood stream, as occurs 
normally, is diffused from the blood stream into the lumen of the bowel, thus 
increasing the distention 

If no more air is allow'ed to enter the intestine, gasti oduodenal suction, 
aided by reversed peristalsis, will remove a considerable amount of gas This 
was the experience of Wangensteen early m its use Some gas is absorbed 
by the blood stieam and some observers have succeeded in increasing this 
absoiption (nitrogen) by breathing a Jngli concent) ation of oxygen Fine 
and Sears^^ found by inflating a closed loop of bowel wnth No and another 
loop with hydrogen, that nitrogen was absorbed from the intestine m small 
amounts if air was breathed If pure oxygen was breathed, the absorption 
was much moi e rapid They also observed that these gases w ere not absorbed 
from the stomach as rapidly as from the intestine 

Congdon and Burges,^^ as well as Binger, Faulkner and Moore,^" report 
experimental and clinical experiences to justify the use of concentrated 0x3 gen 
in the relief of distention 
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Rosenfeld and Fine^" say “Bieathing of 95 pei cent O2 results not only 
in a striking decrease in gas volume but also in a maiked reduction in the 
pressure within the lumen of the intestine The lethal effects of a sustained 
high-grade gaseous distention are thereby delayed or entirely avoided ” They 
found that clinically, theiefore, puie oyiygtn inhalation over periods of 12 to 24 
houis reduces intestinal distention Also, it was found that mtermittem; 
breathing of oxygen was almost as efificacious as continuous bieathing of it 
(Though our experience is confined to onl)'^ a few cases we have thought 
its use of some benefit ) 

The giving of concentrated ox3'gen is not without dangei , overdose may 
result in oxygen poisoning with pulmonaiy congestion, liver congestion and 
right heait failure (Paine, Keys and Lynn^®) 

The Millei -Abbott tube, in cases of intestinal obstuiction, is quite useful 
and often hfe-savmg, but there are ficquently technical difficulties in passing 
the tube which has pi evented umveisal success with its emplo3’^ment 

PREVENTION OF DISTENTION 

Gastiic Suction and Its Advantages — Wc wish m this papei to stress 
the importance of the pi evention of gaseous distention rather than the relief 
of distention aftei it occurs The lecognition of the frequency of postopeia- 
tive distention and the leahzation of the seriousness of distention as a com- 
plication, caused us to adopt the piactice of using gastric suction loutinely 
in all abdominally operated patients and we. have continued this practice for 
the past five yeais ^ The result has been that postoperative distention is no 
longer encountered 

The problem of keeping an out of the intestines is a simple one Mclver^^ 
in 1926 used an indw^elling tube in the stomach postoperativel3’’ to prevent 
distention, but said “Since it is occasionall3f a souice of annoyance to the 
patient, its use indisciiminatel3" is not advocated , but m ceitain cases in wdnch 
distention is feaied as a giave complication it should be emplo3'ed ” 

The plan we have followed is as follows A Levin tubej is put in place 
just before the anesthetic is staited and allow^ed to function thioughout the 
opeiation and until peiistalsis has been restoied The tube is kept open b3^ 
drinking water which the patient enjo3’^s to the extent of tolerating the tube 
In 24 to 48 houis the tube is clamped foi thiee houis and the w^ater wdiich 
is taken by mouth is measured The tube is then released and the returned 
fluid measured If little of the fluid is lecovered, it is felt that peristalsis has 
returned and the tube is removed On the other hand, if all the fluid is 
returned suction is continued In complicated cases such as peritonitis and 

^ In 3'Oung children, with operation in the eaily stage of appendicitis, without 
peritonitis, we have not routinelj' used suction The leflexes being more highlj’^ devel- 
oped in the young, peristalsis is restored more readily and prolonged ileus larely occurs 
I The tube should not be smaller than a No 16 F It is inserted just past the first 
mark, and must be kept open at all times 
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intestinal, gasti o-intestinal and gastiic lesections, suction is continued foi a 
longei peiiod of time The aveiage length of time foi postopeiative suction 
m common opeiations is as follows 

(1) Uncomplicated appendicitis, 24 to 36 houis 

(2) Ruptuied appendix with diamage, 48 to 72 houis 

(3) Cholecystitis, 01 cholecystectomy, 48 houis 

(4) Resection of stomach, 72 to 96 hours 

(5) Resection of cecum, 72 to 96 houis 

(6) Resection of lectum, 72 to 96 houis 

We have made a clinical study 
of some 500 patients who had ab- 
dominal operations, upon whom 
gasti 1C suction was employed, and 
compaied them to a long list of 
patients with similar opeiations 
before gastric suction was piac- 
ticed While this study has been 
tedious and in many ways incom- 
plete, the general conclusions 
di awn ai e to the effect that 

(1) Gastric suction coriectly 
used prevents postopeia- 
twe distention 

(2) When the abdomen is 
opened the stomach is 
empty and collapsed, the 
advantage of this is evi- 
dent 

(3) Thei e IS no postopei ative 
vomiting 

(4) Theie is no distention, 
with the discomfoit that 
goes with distention 

(5) Peiistalsis IS restoied much soonei it the bowel is not distended, and 
if an IS not allowed to pass into the intestine until the bowel recovers, 
distention does not occuis 

(6) Wound healing is more satisfactory, with few postopeiative heiniae, 
and no disiuption of wounds 

(7) There is a loweinig of moibidity and of mortality 

Disadvantages — Theie are disadvantages to gastroduodenal suction The 
most seiious ciiticism of gasti odnodenal suction is the loss of fluids and elec- 
tiolytes, in the foim of bile, pancreatic juice, and chlorides from the stomach 
Fiom a caieful study of the pioblem, we believe that a distinction should be 
made between gasti oduodenal and gastiic suction (Fig i) In a series of 
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observations we found that the flxad loss by suction, when the tube extended 
into the duodenum, was considerably moie than when the tube extended only 
into the stomach With the tube m the stomach many patients showed little 
or no bile in the suction fluid A careful check of a series of more than 75 
patients showed that rather than a loss of fluid with gastric suction there was 
more often a gam during the period of suction with the patient drinking 
water freely (Table II) 

Taulf II 


STUD^ or FLUID I OST OR CAINED WITH FASTRIC SUCTION 




No of 

Fluid 


Average Amount of Fluid 



Hours of 

Retained 

Fluid 

Lost or Retained in 

Patient 

Operation 

Suction 

by Mouth 

Lost 

24 Hours 






Gained 

Lost 

Mrs S 

Hysterectomy 

S8 


-SOS cc 


— 200 cc 

Mrs W 

Strang hernia 

46 

+ 850 cc 


+ 425 cc 


S B 

Cholecystectomy 

48 

+ 550 cc 


+ 550 cc 


Mrs R 

Ruptured peptic ulcer 

75 

+650 cc 


+200 cc 


Mr R 

Subphrenic abscess 

46 

+ i 22s cc 


+650 cc 


C T 

Cecostomy 

60 

+ 2 006 cc 


+600 cc 


Mr H 

Gastro enterostomy 

73 

+ 1 275 cc 


+400 cc 


Mrs R 

Hysterectomy 

44 

+ I 140 cc 


+550 cc 


Mrs S 

Appendicectomy 

28 


-950 cc 


—900 cc 

Mr K 

Cholecystectomy 

46 

+ I 050 cc 


+500 cc 


Mrs A 

Colostomy closed 

66 


— 26 cc 


— 10 cc 

F W 

Strang hernia 

25 

+ 1 200 cc 


+ I 200 cc 


N V 

Appendicectomy 

24 

+ 200 CC 


+ 200 cc 


P F 

Abscess Appendicectomy 30 

+ 150 CC 


+ 100 cc 


Mr W 

Herniotomy 

24 

+ 1 200 CC 


+ I 200 cc 


B R 

Appendicectomy 

33 

+ 575 cc 


+450 cc 


Mrs H 

Cholecystectomy 

49 

+ 2 000 cc 


+ I 000 cc 


A C 

Ileostomy 

52 

+ 75 cc 


+ 30 cc 


L C 

Cholecystectomy 

45 


— 1 195 cc 


—550 cc 

R M 

Cholecystectomy 

47 

+ 2 000 cc 


+ 1 000 cc 


Mr P 

Gastro enterostomy 

84 

+ 2 500 cc 


+600 cc 


M D 

Cholecystectomy 

42 

+ 1 500 cc 


+ 700 cc 


B C 

Exp celiotomy 

50 

+680 cc 


+300 cc 


Mrs R 

Obstruction (ca ) 

SO 

+ 680 cc 


+ 200 cc 



— Colostomy 






E T 

Hysterectomy 

28 


— 210 cc 


— 200 cc 

E B 

Appendicectomy 

24 


—800 cc 


—800 cc 

H H 

Gallbladder drainage 

72 

+ 500 cc 


+ 150 cc 


Mrs S 

Appendicectomy — 

48 

+975 cc 


+475 cc 



Pentonitis 






P L 

Appendicectomy 

28 

+ 280 cc 


+ 270 cc 


Mrs S 

Exp celiotomy 

32 


—450 cc 


—350 cc 

Mrs H 

Cholecystectomy 

65 


—925 cc 


—350 cc 

Mrs B 

Cholecystectomy 

91 

+ 726 cc 


+ 200 cc 


G L 

Appendicectomy 

26 

+ I 200 cc 


+ I 200 cc 


A E 

Appendicectomy 

43 

+350 cc 


+ 175 cc 


F K 

Rectal resection 

90 

+ 2 loo cc 


+500 cc 


C C 

Gastnc resection 

55 

+ I 17s cc 


+400 cc 


Mrs S 

Cholecystectomy 

46 

+ I 750 cc 


+900 cc 


Mrs M 

Cholecystectomy 

SO 

+ 2 420 cc 


+ i 000 cc 


A A 

Appendicectomy 

18 

+ 50 cc 


+ 50 cc 


G A 

Cholecystectomy 

19 

+ 1 000 cc 


+ I 000 cc 


J V 

Drainage 

55 

+ 1 500 cc 


+ 700 cc 



Appendicectomy 






M P 

Colostomy closed 

24 

+ 1 500 cc 


+700 cc 


M B 

Appendicectomy 

43 

+ 2 000 cc 


+ I 000 cc 


A A 

Colostomy 

64 


—825 cc 


—300 cc 


Ca colon 






W D 

Stab TV ound 

SO 


—750 cc 


—300 cc 

B S 

Appendicectomy 

37 


— ISO cc 


— 100 cc 

H C 

Intestinal resection 

60 


—515 cc 


— 200 cc 

M H 

Stomach resection 

64 


— 2 500 cc 


—poo cc 
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SUMMARY 


Number of patients 

SO 

Number gaming fluid 

35 

Number losing fluid 

IS 

Maximum retained per 24 hours 

I 200 cc 

Minimum retained per 24 hours 

SO cc 

Average retained per 24 hours 

562 cc 

Maximum loss per 24 hours 

900 cc 

Minimum loss per 24 hours 

10 cc 

Average loss per 24 hours 

370 cc 


Loss of CJilo') ides — On the other hand, an analysis of the fluids recovered 
with gastric suction showed a definite and i egular loss of chlorides as shown 
in Table III 


Table III 


AVERAGE SODIUM CHLORIDE LOSS 

PER 24 HOURS* 



No of Days 

Urine 

Gastric Juice 

Total 

Patient 

Suction 

Gm 

Gm 

Gm 

C M 

4 

6 41 

7 77 

14 18 

E W 

3 

S 46 

S II 

10 57 

C M 

4 

2 28 

2 07 

4 3 S 

L P 

I 

s 91 

2 so 

8 41 

J M 

3 

4 76 

4 50 

9 26 

W C 

3 

1 32 

6 93 

8 25 

P H 

3 

5 59 

4 67 

10 26 

A M 

4 

3 44 

s 17 

8 61 

Mrs F 

S 

7 88 

4 71 

12 59 

E M 

2 

4 60 

I 57 

6 17 

F G 

3 

■; 46 

6 73 

12 19 

Total average 


5 1 

4 9 

9 SI 


hours — 9 8 1 Gm 


* Patients had no stools nor appreciable amount of sweating during 
investigation 

This loss coi responds quite accurately with the finding of Coller^® in his 
studies of chloride balance He found that gastric suction removed the 
equivalent of 3 7 to 4 8 Gm of salt m 24 hours 

It IS unnecessary to say that pre- and postoperative attention to fluid 
and electiolyte balance in accoi dance with the principles established by 
Coller,“” and associates, is indispensable to abdominal surgery and they are 
of still gi eater importance when gastric suction is employed This is partic- 
ularly true m estimating the amount of sodium chloride to be given 

The annoyance of the tube to the patient is a pioblem, but the elimination 
of vomiting, gas pains, eiiemata, and the discomforts that accompany dis- 
tention outweigh the discomfort fiom the tube 

Some reports of damage to the nasal cavity, pharynx, and larynx are 
found 111 the hteratuie We have not encountered any of these In those 
cases where prolonged use of the tube is necessar}^ frequent changing of the 
tube will obviate this danger 

COMMENT AND SUMMARY 

That postopei ative distention is a serious complication will be admitted 
by all The pievention of distention as a complication of abdominal surgical 
operations is easily accomplished The intestinal gases are, for all practical 
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pui poses, composed of swallowed an , and gastric suction, if efficiently em- 
ployed, will lecover this an Laige amounts of an is swallowed dm mg the 
anesthesia and aftei the opeiation When a patient is nauseated and has a 
disagieeahle taste as is expeiienced dining an anesthesia, and postopeiatively, 
theie IS, naturally, fiequent swallowing m the natural effoit to fill the stomach 
to reflexly stimulate vomiting Since the patient is m a reclining position, 
the opening of the esophagus into the stomach is in a dependent position 
and leguigitation of air does not occui 

Fuither, we aie of the opinion that, if the suction tube does not pass into 
the duodenum, the loss of fluids (panel eatic juices and bile) will be much 
less but still the air will be lecoveied 

The value of this pioceduie is particulaily noticeable in acute uiflammafoi y 
intja-abdominal conditions, as well as m intestinal obstiuction Ileus is of 
little consequence m the absence of gaseous distention, and even m advanced 
peiitonitis cases one can more safely wait foi a favoiable time foi opeiation 
by using gastiic suction and pi eventing fuithei distention It is also true 
that if the advanced peiitomtis patient be operated upon, the prevention of 
distention following operation guaiantees lest of the bowel, maintenance of 
good intestinal cii dilation, giving the piotective power of the peiitoneum 
much better chance to take care of the infection 

Anothei veiy striking occasion where we have found gastiic suction in- 
dispensable IS in the veiy large abdominal and diaphragmatic henna in which 
the intestines have been outside the abdominal cavity for a long time, with a 
marked reduction in the size of the cavity These patients were formerly 
great hazards or impossible operative risks Forcing the heinial contents 
back in the abdominal cavity and closing the wound undei tension is possible 
Keeping the bowel deflated for seveial days until peiistalsis is restoied, makes 
this proceedure safe without Aihich a fatality would lesult 

In operations upon the stomach, intestines, colon or lectum, and moie 
particulaily where stomach and intestinal suturing is done, the value of elimi- 
nating distention for seveial days is readity apparent Entei ostomies proximal 
to anastomoses are no longer necessary We can say, with all smceiity, that 
no one thing has conti ibuted so much to the advancement of abdominal surgei y 
in lecent tunes as this simple pioceduie of keeping the bowel deflated 
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Discussion — ^DR Willis D Gatch (Indianapolis, Ind ) We are indebted to 
Doctor Singleton for calling to our attention this method of preventing postoperative dis- 
tention He IS right in his contention that the distending gas is chiefly nitrogen derived 
from swallowed air The results he reports convince us of the efficiency of his method 
Since I can find no matter for controversy with the essayist, I shall devote my discussion 
to the amplification of some of the more theoretic points he has made 

Gastric distention is far more deadly than intestinal distention If the pylorus of a 
dog IS tied and its stomach inflated with a sustained pressure of 25 Mm it will die of 
asphyxia in two hours without concentration of the blood Inflation of its stomach with a 
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sustained pressure of about lo Mm will cause its death in about six hours and its blood 
will be considerably concentrated It may survive a marked inflation of its small intestine 
for ten to 15 hours 

Patients, as Doctor Singleton has remarked often swallow great quantities of air m 
the induction period of anesthesia The resulting dilatation of the stomach offers a serious 
impediment to the respiration which I believe may be fatal in some cases We have 
shown experimentally that distention of the stomach and of the intestine causes marked ele- 
vation and fixation of the diaphragm When this is present the total amount of air which 
the animal breathes is increased five or six times over normal but despite this it becomes 
asphyxiated When the capacity of the thorax is decreased by elevation of the diaphragm, 
the lungs are incapable of oxygenating the blood completely and this inability cannot be 
removed even by the administration of pure oxygen It of course follows that anesthesia 
IS made much safer by deflation of the stomach 

The essayist has discussed briefly the ill effects of bowel distention The literature 
on this subject is vast and full of contradictory conclusions We believe that most of 
these can be explained and reconciled by the primary conception that the essential effect 
of bowel distention is to increase the intercellular or tissue pressure in the bowel wall with 
results which are made easily comprehensible by Starlings hypothesis on the capillary cir- 
culation The corollary to this conception is that there arc two well-defined stages of 
bowel distention Thus if a loop of intestine is inflated with a rather low pressure it 
will be found to have a diameter of about one inch This diameter will remain constant 
as the pressure is increased up to the point at which rupture of the bowel occurs If 
however a loop of intestine is tightly inflated and kept in the abdomen its diameter will 
gradually increase up to perhaps two to three times normal If the pressure is measured 
in this distended intestine it will be found to be comparatively low — probably 10—15 
Mm The circulation in the tightly distended bowel is practically at a standstill The 
bowel IS pale bloodless and no fluid collects in its lumen The dilated bowel is blue 
edematous and flaccid We have shown that its cyanosis is due not to venous obstruction, 
but to vasomotor paralysis Its circulation is present but in a crippled condition An 
albuminous exudate collects in its lumen Its power of absorption is greatly diminished 
and Its walls have been stretched until they have lost the power to contract The bowel 
IS being injured in the first stage of distention it is recovering from injury in the second 
stage It passes from the first stage to the second stage when its wall stretches enough to 
lower the pressure to a level at which a continuous flow of blood through its capillaries 
can occur Of course if the intra intestinal pressure increases as the bowel dilates the 
second stage will not be found Very few direct measurements of intra-intestinal pressure 
in man have been made Those recorded vary from 111 to 13 Mm It is interesting to 
note that Stone and Firor who report the measurement of 111 Mm state that the in- 
testine was tightly distended 

When a bowel is found in Stage two of distention relief of the mechanical cause of 
the obstruction will not relieve the obstruction for a period of days because the bowel has 
lost Its power to contract 

Our experimental results have led us to believe that the concentration of the blood 
which occurs when the stomach or intestine is distended is due to asphyxia 

The essayist has referred unfavorably to the use of pitressin in the treatment of post- 
operative distention Mann has shown that this drug is dangerous because it causes a great 
decrease of blood flow in the walls of the heart 

Dr Frederick A Coller (Ann Arbor Mich ) I think wc all agree avith Doctor 
Singleton at least those of us who have done abdominal surgery that distention can be 
and very frequently is one of the most distressing and not infrequently fatal complications 
that can occur I think many in this room can remember back to a time when we felt 
that this distention was due to fermentation and putrefaction and the only treatment wc 
had was as Doctor Gatch has mentioned, cathartics and enemata of all kinds variously 
flavored I remember one flavor wc had was nutmeg And of course we had the rectal 
tubes 

As far as I know enemata do nothing but exhaust the patient stimulate reverse 
peristalsis and increase distention and the rectal tube does nothing but cause piles I have 
never seen it do anything else 

While all of us here know now and have known, of course, that this distention is 
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due to swallowed air, I can assure you that there are many people in this country who 
treat distention who do not yet know this, and who hold the older views that I have 
already hinted I think it \s very timely and very wise that these subjects be discussed 
and discussed more widely outside of the halls where this Association meets 

I was very much interested in Doctor Singleton’s mention of the method of prevent- 
ing distention by the use of the tube introduced before anesthesia In our own labora- 
tory Doctor Moyer has earned on experimental work, and has shown that particularly 
in the excitement stage and in the presurgical stage of cyclopropane anesthesia, and to a 
lesser extent ether, enormous amounts of air may be taken in For example, a dog 
weighing from i o to 15 Kg may take in, and has taken in under these circumstances, by 
swallowing, just at this stage and not in the deeper anesthesia as high as i 500 cc of air 
in three minutes Associated with this intake, of course, there is always a fall in blood 
pressure of ten to 35 points and rapid respiration, and, of course, if carried on it may 
come to the point where death of the animal will ensue I had not appreciated how 
much air can be taken in just at this time namely, during the early part of the operation 
With the tube in the stomach as Doctor Singleton mentioned, the air is drawn back very 
quickly and this difficulty is obviated 

Both essayists have mentioned again briefly, something we all know and something 
that deserves a great deal of further study, and that is the diminution in the vital capacity 
in the available air the residual air associated not only with the operation We also 
know that distention further inhibits the action of the diaphragm, and we all, of course, 
know that this minimizing of the action of the diaphragm renders that patient quite sus- 
ceptible to atelectasis which is the commonest of all pulmonary complications It has 
been shown many times that anoxia is always associated with the diminution of the vital 
capacity and anoxia plus the proneness to atelectasis should, I think be emphasized again 
as a very disturbing side light on distention 

There is one phrase that Doctor Singleton used that I think perhaps may be a little 
misleading ‘ fluid gained I think it would be better for Doctor Singleton to say fluid 
retained Fluid gained rather implies this is a gain in the total weight of the patient We 
know that is not true The amount that is retained is important Of course, but it is 
never enough to supply the fluid needs of the body 

Your measurements of course show that 4 Gm is an average loss of salt per day, 
which IS about a liter of gastric juice In our clinic — Doctor Maddock presented this 
to you two years ago — we have found a very satisfactory way of taking care of the salt 
requirements by replacing it by the so-called volume-for- volume rule It is lost as hyper- 
tonic, and if one replaces that amount with the normal saline the salt needs of the patient 
will be cared for without giving an additional dangerous amount 

In conclusion I would like to urge this society to take the same firm stand against 
the use of enemata as we have for long years taken against the use of cathartics in cases 
of distention 

Dr Philemon E TruESDALE (Fall River, Mass ) I was very glad to hear Doctor 
Singleton refer to dilatation of the stomach and its consequences, because I think it is im- 
portant in case one cannot decompress the stomach by an ordinary small stomach tube 
As the stomach increases in size from gases, it continues to enlarge toward the left side 
and raise the diaphragm As it increases in dimension, and as the pressure in the stomach 
increases, there is an' angulation at the lower end of the esophagus at the cardiac sphincter, 
and as the stomach continues to dilate the diaphragm rises and when the pressure in the 
stomach has reached a point that is greater than it is in the left pleural cavity, the dia- 
phragm continues to rise until it is in position of eventration In this position of eventra- 
tion It displaces the heart and it displaces the entire mediastinum causing pressure on the 
right lung, and then, as the pressure increases, the right lung is encroached upon further, 
and there is an anoxemia 

Now the Miller-Abbott tube under such circumstances is not adequate because it does 
not dram the stomach, but a small stomach tube of more rigidity than the Miller-Abbott 
tube will pass through the cardiac sphincter 

I just wish to call your attention to this point in case of disappointment in using 
the Miller-Abbott tube at that time, that the use of a more rigid rubber tube, the stomach 
tube, will pass into the stomach, although the displacement of the thoracic organs has 
developed to a considerable degree 
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Dr Walter G MADDOCK (Ann Arbor, Mich ) One of the points I would like 
to know more about is the mechanics of swallowed air Doctor Singleton has men- 
tioned one of the possibilities, in the fact of air getting down into the stomach during 
anesthesia It has always seemed to me that I have never seen patients with intestinal 
obstruction and a lot of distention, doing a great deal of air swallowing 

I have been interested in the problem, and I recall one case vividly, of a child of four 
who had peritonitis from a ruptured Meckel’s diverticulum We had a plain film of 
abdomen, and it showed a tremendous pneumoperitoneum, the liver and the spleen clearly 
outlined, and the intestines outlined in the center of the abdomen We put a trocar 
through the abdominal wall and let the gas whistle out, and it did, under considerable 
pressure The patient was operated upon about 40 minutes later, being unconscious in 
the meantime The pulse was about 160 per minute, respiration 60 By the time that 
patient got to the operating room the distention — that is, the pneumoperitoneum — was up 
just as high as it was before we put the trocar into the abdomen 

I am sure there is some mechanism by which that gas gets down into the gastro- 
intestinal tract, and in that case into the peritoneal cavity that is not actually swallowing 
But It IS true that is largely atmospheric air 

I have made one experiment m trying to determine how gas gets down I do know 
that on respiration the esophagus opens up The bronchoscopist avill tell us the same 
thing And the air goes right down the esophagus In my efforts to see whether it 
would pass into the stomach in dogs I failed to find that a definite fact I thought it 
occurred in a couple of cases but the evidence was not conclusne I think it is an inter- 
esting point to keep in mind that while w'c are using the term ' sw'allowed air w'e still have 
got a lot to account for in knowing more about the mechanism of the act of swallowing 
Dr Albert O Singleton (closing) Doctor Coller is a young man, but he did 
mention the fact that he remembered w’hen a great many things w'ere done to prevent 
gastric distention I know quite w'ell that I spent much more time with the rectal tube 
when I was a hospital resident intern than I did w'lth the stethoscope in trying to get rid 
of gas in postoperative patients 

Ileus without distention docs not seriously hurt a patient The bow'cl may not haac 
peristalsis for a very long time still if there is little air or gas in it that patient docs not 
become ill 

Doctor Gatch told us many ways in w'hich this distention affect the patients If one 
gets a patient before distention occurs it docs not matter W'hat the pathology is one can 
prevent the distention from occurring 

We are convinced after very long and careful study of these patients that no patient 
gets distention so long as the gastric suction tube is working This may be five six, or 
seven days He will be just as flat when you sec him five days after operation as he avas 
at the time of operation The time for gastric suction is before distention occurs The 
place for intubation of the intestine is after the distention occurs 

Generally speaking most patients reach the surgeon before distention becomes 
marked even in peritonitis and appendicitis If they arc operable they arc not very badly 
distended Following the operation they should not become distended at all If you 
keep the gastric suction avorking until peristalsis is restored e\en though it be a week, the 
patient will be just as flat and as well off when you get ready to take the suction aw'ay 
The amount of gas that may accumulate in the intestine in a short time is amazing Occa- 
sionally we remove the suction too soon or the suction tube gets stopped-up within 
three hours the patient will be ballooned up and trying to vomit 

So, by preventing gaseous distention one goes far to make surgery safe, not only 
abdominal surgery but thoracic surgery as well If one keeps the gas out of the alimentary 
tract for three or four days after the pneumonectomy the patient aerates himself much 
better and does not become so ill So the possibilities of this procedure simply keeping 
the air out of the intestine makes abdominal surgery much safer than it has ever been before 
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SMALL INTESTINE OBSTRUCTION A FIVE-YEAR STUDY' 

R J Noer, M D , AND Charles G Johnston, M D 

Detroit, Mich 

FROM Till* DEI VRTMENT OF SURGFR1 , M VTNF UM\ERSITT COLLEGE OF MEDICINE AND TIIL DETROIT RECEIMNG HOSpIT\L 

Sufficient time has elapsed since we began a latlier extensive use of in- 
testinal suction diamage to peimit an analysis of our results over a five-year 
peiiod This series includes all cases of small intestinal distention oi obstruc- 
tion tieated on the Wa)me Umveisity Surgical Seivice at the Detioit Receiving 
Hospital between January i, 1937 and January i, 1942 It is to be emphasized 
that we have included all cases with sufficient distention to requiie treatment, 
whethei 01 not the distention was the piimaiy condition for which they w^ere 
admitted There weie 332 such cases, this number repiesenting approximately 
half the total numbei admitted to the hospital during that pei lod 

Foi simplicity of classification \ve have chosen to use that desciibed by 
Ciowdey and Johnston (Fig i) since it considers the three important factois 
in all cases of ileus patency of the lumen, peristaltic power, and circulatoiy 
status Space limitations do not peimit detailed consideiation, but the lesults 
wall be briefly listed according to this classification 

OCCLUDED ACTIVE ILEUS — 112 CASES 
These are cases m which the pi imai y factoi is occlusion of the lumen of the 
intestine, commonly refeired to as “mechanical obstruction ” One bundled and 
twelve or about two-thii ds of our 332 cases fell m this gi oup Adhesions were 
the most common cause, accounting for 94 of the 112 cases of occlusion (The 
figure given includes a numbei of cases of stiangulated obstiuction more fully 
described elsewhere ) Twenty-one of these 112 cases of occluded active ileus 
died, a mortality of 187 per cent for this gioup, this includes all deaths, 
whether or not directly atti ibutable to the obstruction 

PATENT INACTIVE ILEUS — 135 CASES 
Loss of intestinal piopulsive powei is the piimaiy factor in this gioup, it 
is the one commonly referied to as “adynamic ileus” or “paralytic ileus” 
Minor degiees of distention have not been included, this report considering 
only cases in which the accumulation of gas was sufficient to require active 
ti eatment for relief 

Postoperative ileus (47 cases) and that associated with peiitonitis (54 
cases) compiise moie than two-thuds of this group Twelve cases follow^ed 
tiauma and 22 were the lesult of various other conditions, among them pneu- 
monia, uremia, liver abscess, and panel eatitis Tw^enty-five of the cases m this 
gioup died, a 11101 tality of 18 5 per cent for the entire group, this includes all 
deaths, wdiether or not directly attributable to the distention 

* Read before the American Surgical Association, Cleveland, Ohio, April 6-8, 1942 
Aided by grants from the American Medical Association and the McGregor and Theo- 
dore A McGraw Funds 
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ILEUS-TYPE INDETERMINATE OR MIXED — 29 CASES 

Theie will always be ceitaiii cases in which it is neaily impossible to deter- 
mine whether luminal occlusion or inactivit)' of peristalsis is the primary factor 
Certain othei cases, particulai 1 }^ those with inflammation pioducing both reflex 
intestinal inhibition and occlusive adhesions, can only be listed as belonging to 
both gioups To avoid duplication these are listed m a separate category of 
‘ Ileus-type Indetei inmate oi Mixed”, theie weie 29 such cases 

Five cases weie undiagnosed , piesenting marked distention when fiist seen, 
they were decompiessed by suction drainage and thus relieved of then symp- 
toms They were not opeiated upon, roentgen lay locah7ation studies failed 
to reveal obstruction and they did not redistend subsequent to lemoval of the 
tube 
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Fig r — Scherm for cl issificafion of snnll intestine ileus (C^o\\Ie^) 


Twenty-foui cases had both adhesions and inflammation 01 malignanc}' and 
inflammation This giottp includes most of the peiitonitis cases, hence the 
high mortality of 12, 01 41 7 pei cent, of the 29 cases m this gioup 

INTERFERENCE WITH THE MESENTERIC BLOOD SUPPLl — 81 CASES 
The mesenteiic cn dilation can be impaired eithei by sti angulation in ex- 
ternal herniae or by pressure from some agent within the abdomen , m either 
circumstance immediate operation is imperative Because of diffei ences in ease 
of diagnosis, these two groups are separated for study 

(I) Intonal Sfi angulation — 25 Cases — Seven of these were due to 
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adhesive bands, 12 to volvulus, foui to internal heiniae and one to intussuscep- 
tion There was one case of mesenteiic thrombosis Operation was defeired 
in three cases and not cai ried out in three othei s , in five of these, diagnosis was 
in eiioi 01 delayed, while the sixth was moiibund on admission Intel nal 
sti angulation was thus coiiectly diagnosed preopei atively in 19 of the 25 cases 
Ten of the 25 died, a moitahty of 40 per cent for the gioup 

(II) Sf}a}igulafion in Exfoital Herniae — Cases — Included here are 
only those cases of stiangulated heinia which showed definite color changes of 
the hei mated intestine, with or without petechial hemorrhages m the mesen- 
teiy These cases were not included in the study as originally planned, but 
have been added foi the sake of completeness 

Among the 56 cases weie 34 inguinal, 13 femoial, five ventral and four 
umbilical heiniae Foui lequired resection of intestine, and thiee of these died 
In all, eight cases died, a mortality of 14 3 per cent for the hernia group 

METHODS OF TREATMENT 

Throughout the period coveied by this leport, oui primary considei ation 
has been the relief of distention, usually by some type of suction drainage (gas- 
tric 53 cases, duodenal 39 cases, intestinal 180 cases) Entei ostomy was 
performed but five times, cecostomy twice In most of these cases the pro- 
cedure was a futile gestui e and had little effect upon the outcome 

In occluded ileus, operation was carried out within the first 24 hours when 
mesenteiic vascular mteiference was suspected or when the cases were seen 
early before maiked distention had developed, all other cases were subjected 
to a period of prepai atoi y decompression with concui rent restoi ation of lost 
fluid and electiolytes Nonoccluded cases usually required only decompres- 
sion, fluid and electiolytes, and tieatment of the pi unary disease condition 
which caused the distention 

SUMMARY 

( 1 ) Three hundred and thirty-two cases ti eated for small intestine obstruc- 
tion, with 01 without distention, have been studied and the lesults briefly sum- 
marized 

(2) Fifteen, or 4 5 per cent of the deaths, weie diiectly attributable to the 
patients’ obstruction Distention, howevei, may well have been an important 
factor in many of the 43 other deaths 

(3) Therefore, we feel that the total numbei of deaths, from whatever 
cause (66), is the figuie which should be considered This makes the 
moitahty 19 9 per cent for the entire group 

Discussion — Dr Allen O Whipple (New York) There are two points that 
I should like to bring out in connection with the last paper Our clinic has been a very 
strong advocate of intestinal intubation and we now have some 5 1 o cases that have been 
intubated I am not going to go into the details of statistics but I want to bring out two 
points, or discuss two phases of this subject One is the so-called paralytic or dynamic ileus 
Doctor Lee, of our clinic has recently published a study of a series of cases in which a para- 
lytic ileus was very definitely associated with a low serum protein and a definite evidence of 
edema of the bowel Many of the cases of peritonitis where there has been a marked loss of 
protein in the exudate in the peritoneum developed this type of peritonitis Another group, 
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which was the result of ovcrhydration and ovcrcnthusiasm m giving salt solution in the 
presence of a low serum protein developed this same type of edema of the bowel wall, 
causing a loss of function of the bowel 

The other group of cases that I would like to speak of is that of right colonic resec- 
tion Intestinal intubation in that group of cases has produced an amazing lowering of 
mortality in our clinic 

In some 39 where intestinal intubation has been used as a preoperative measure we 
have lost only one case That is based upon a very definite and sound surgical principle, 
and that is that you remove tension from the suture line I am not speaking of the right 
colon section with ileocolostomy Whether that is an end-to-side or side-to-sidc anasto- 
mosis I do not think makes much difference but the keeping empty of the proximal loop 
of intestine that is sutured to the colon makes it possible for the initial sealing-off of the 
peritoneal suture line the prevention of tissue necrosis due to distention, and insures a 
smooth postoperative course 

The combination of intestinal intubation, together with the preparation of the patient 
beforehand, bringing his metabolism to normal level before operation, and the use of one of 
the sulfonamide compounds sulfanilamide or sulfidiazene by way of frosting the anas- 
tomotic line I believe will make a tremendous difference in the right-sided colectomies In 
left-sided colectomies, the intubation is of relatively little use, and in those cases I am still 
firmly convinced that a preliminary cecostomy even in the absence of obstruction, is a very 
important safety factor but all of the measures that have been spoken of arc really based 
upon the removal of tissue tension from the suture line and maintaining the blood supply 
to the intestine 

It seems to me that the intestinal intubation has introduced a new safety factor in 
abdominal surgery which cannot be overestimated 

Dr R J NoER (closing) In regard to Doctor Gatch s statement about the internal 
strangulations and the delay in operation perhaps I did not make myself entirely clear on 
what we meant by immediate operation Those which were listed in the tables as “imme- 
diate operation ’ were performed within the first 24 hours Most of them had at least a few 
hours’ delay for restoration of their fluid and chemical balance Thirty-one cases were 
operated upon within the first 24 hours and 25 had later operations 

We are not willing to bring ourselves to the point which Doctor Gatch suggests that 
even in the presence of internal strangulation these patients can be allowed to wall-off as 
does an appendiceal abscess However we did have an interesting patient received from 
another service rather late in the course of her disease who had a large mass and evidence of 
intestinal obstruction for many days Her abscess was drained and the patient subsequently 
died of pneumonia At autopsy we found that about two feet of intestine had sloughed off 
and a fairly good anastomosis had been established She was not treated that avay by elec- 
tion, but It IS mentioned as an indication that what Doctor Gatch says docs occur 

With regard to Doctor Truesdalc s statement about the difficulty in passing the Millcr- 
Abbott tube into a dilated stomach, I might say that for several years we have almost never 
used the standard commercial Millcr-Abbott tube, partly because of its greater degree of flc\i- 
bility We make up our own balloon-tipped tubes with a No i6 or No 18 Juttc tube 
This IS stiffer and much easier to manipulate and we believe just as efficient in the stomach 
or duodenum as the standard stomach or duodenal tubes 

We would certainly agree with Doctor Singleton on the use of the stomach tube in 
prophylaxis We find, as I mentioned, with cases of peritonitis that with a tube in the 
stomach a fair number of these patients never become distended, and the intestinal tube is 
therefore not requited for treatment 
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VITAMIN DEFICIENCY AS A FACTOR IN THE ETIOLOGY OF 
SURGICAL DISEASES OF THE DIGESTIVE SYSTEM ’ 

Frank K Boland, MD 
Atlanta, Ga 

Despite the tendency of vitamins to become a fad and with the oppoi tunity 
they piovide for commeicial exploitation, definitely known facts ahont them 
appear to meiit attention The leality of certain vitamins, and their influence 
on certain diseases, seems well pi oven Inadequacy of vitamins B, C and D 
as causative factois m beii-beii, scuivy and rickets, respectively, is lecognized 
On the othei hand, it is felt that othei pathologic conditions may be due to vita- 
min deficiency, although it is difficult to prove which vitamin is involved, or it 
may be that the lack of more than one vitamin is responsible 

Suigery is concerned but veiy little with the diseases mentioned above, and 
it IS found that most diseases in which avitaminosis plays a pait rarely lequire 
surgical treatment However, it is important for the suigeon to consider caie- 
fuliy vitamin deficiencies as pait of the preoperative and postopeiative care of 
patients The direct, immediate causes of the lesions undei discussion, ulcer of 
the stomach and duodenum, gallbladdei disease and appendicitis, sometimes 
are understood and often aie not It is with the remote, undei lying, or pre- 
disposing causes that we are concerned m this paper Such causes also might 
be classed as preventable, which direct causes are not 

Interest was aroused in this subject 35 years ago when the scat city 
of these diseases was observed among the Negro patients m the Grady (munici- 
pal) Hospital, Atlanta Appendicitis was rare among Negroes as compared 
with white patients, while the presence of a stomach ulcer 01 case of cholecysti- 
tis on the Negio waids created a sensation and all the staff wished to see it 
The absence of these lesions in the colored population was explained on the 
ground of “racial peculiarity ” The neurogenic origin of ulcer, suggested 
years later by Cushing, of couise, was not thought of 

The remarkable paper of the British suigeon, McCarrison,^ 21 years 
ago, gave a different idea He wrote that during nine yeais’ sojourn in 
a remote part of India he performed 400 suigical operations annually among 
the natives, and during this time he did not see a single case of gastric or 
duodenal ulcer, appendicitis 01 ulcerative colitis Gallbladder disease was not 
mentioned, and ulcerative colitis is removed from the present discussion because 
the sulfonamides have almost eliminated this lesion as a surgical entity At the 
same time, ulcerative colitis has been as uncommon in Negroes as gastiic ulcei 
McCarnson decided that the absence of these diseases among the East 
Indians was due mainly to the chai acter of the food \\ Inch they ate Their food 
came from the aiea in which they lived — ^milk, eggs, grains, fruits and vege- 
tables They indulged in vei}'- little meat, and the amount of sugar consumed 
in a community of 30,000 people m a year was not as much as used in one of 
oui large hotels in one day McCarnson believed that the fi esh, natural foods 

*Read before the American Surgical Association, Cleveland, Ohio, April 6-8, 1942 
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of the natives abounded in vitamins, and that the presence of vitamins was a 
factor in the prevention of these diseases Specific vitamins weie not desig- 
nated , their identity was not so well i ecogmzed as today That it was not 
necessary to ship the foods any considerable distance, and that they were eaten 
soon aftei being harvested, made preseiving them by canning and other means 
unnecessary thus maintaining their maximum vitamin strength 

McCai nson had evidence that racial pecuhai ity plays but a small pai t in the 
etiology of certain diseases He watched the health of a laige group of natives 
who had been under his care and who were compelled to move to anothei dis- 
trict where their foimei foods weie not available Immediatel}'- many of these 
people developed sicknesses which did not affect them while partaking of their 
accustomed nutiiment McCairison at this time furthei proved his contention 
as to the results of faulty foods m experiments upon wild monke)’-s made to sub- 
sist upon unnatuial, artificially prepaied diet 

Another proof of the small part played by racial pecuhai ity in the cause of 
disease is shown by Garber,- in his study of the Eskimos His paper also indi- 
cates that vitamins aie factois m the prophylaxis of the diseases under con- 
sideiation He states that “such maladies as appendicitis, stomach and bowel 
disorders, cancer, dental decay and many other diseases in the category of the 
white man’s bodily ailments are unknown to the Eskimo But as soon as he 
abandons his own diet of fish and meat, even in pait, and begins to eat the 
white man’s food, all these ailments appear “ Upon what flesh does the 
Eskimo feed that he does not have the stomach ache ^ It is well to say “flesh” 
because he subsists entirely upon flesh — and fish , no bread, no fruit, no vege- 
tables Such food must be iich in vitamins since this is the only opportunity 
to obtain them Thomas® tells us that fish subsist laigely upon marine vegeta- 
tion, and reminds us that all “flesh is glass ” Thus meat and fish come from 
plant life, the chief source of vitamins 

The question is often asked “Since Reginald Fitz called the attention of 
the profession to appendicitis only in 1886, how long before that time was the 
disease supposed to exist While oui predecessois 111 medicine of 200 
years ago did not possess the facilities foi diagnosis which it is oui good 
fortune to have, nevertheless they were intelligent men, and good observers, 
and if such a disease as appendicitis had been at all prevalent they \\ ould have 
recognized it and would have wiitten about it No doubt there weie some 
cases, generally called peritonitis, 01 something similar, but no considerable 
numbei of such cases is recorded The proposition is advanced, thei efoi e, that 
appendicitis is mainly a disease of the nineteenth and twentieth centui les 

Gastric and duodenal ulcers and cholecystitis may be giouped with ap- 
pendices in the discussion It is impossible to explain satisfactorily just why 
these lesions have appeared m such vast numbers only so recently The role 
played by avitaminosis is suggested as a paitial answer to the problem The 
exigencies and complexities of modem life have prevented man from eating 
only the foods raised in the ai ea where he lives It now seems essential to pi e- 
serve large quantities of food and transport them gieat distances when the 
customs of the modern table require many of them to be overpiepared before 
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they are consumed Canning is the principal means of preservation, and while 
this method may not lessen other nutritive values, there is evidence that canning 
destroys or impairs vitamin content The canning of food came into exist- 
ence in i8io, and was invented by the Frenchman, Nicholas Appert, acting 
under the instigation of Napoleon Bonaparte Before this tune certain 
foods had been preseived by drying, pickling and smoking, but weie not 
at all m common use Napoleon, asserting that an army tiavels on its 
stomach, desired to give his soldiers foods retaining as nearly as possible 
their natural condition by keeping fruits, vegetables, meats, bioths and milk in 
a moist or liquid state Thus began the era of the home and commei cial pi eser- 
vation of foods m cans and other an -tight containers, which, while apparently 
unavoidable and necessary, may have had something to do with bringing about 
the era of vitamin deficiency and the introduction of new ailments for the 
human race 

Experimental evidence is wanting as to the relation between vitamin de- 
ficiency and gallbladder disease and appendicitis, but Smith and McConkey* 
and others have presented graphic demonstration of the i elation of vitamins and 
“peptic”* ulcei 111 guinea-pigs In a pievious papei”^ these authois had shown 
the connection between lack of vitamins and tuberculous ulcei ation of the 
intestine Routine necropsies on looo guinea-pigs fed on stock diet did not 
reveal a single peptic ulcer Of 75 pigs fed on diets lacking vitamin C, 26 per 
cent developed peptic ulcers which were similar 111 location and 111 gross and 
microscopic appearance to those observed 111 man Diets deficient in vitamins 
A, B and D did not cause peptic ulcers if the supply of vitamin C was adequate 
Mechanical injury to the mucosa of the duodenum in guinea-pigs fed on an 
adequate diet was followed by rapid and complete healing, while similai injury 
to guinea-pigs fed on a diet deficient in vitamin C lesulted m the formation of 
peptic ulcers Smith and McConkey concluded that peptic ulcer m the guinea- 
pig apparently is caused by a partial but prolonged deficiency of vitamin C 

The incidence of surgical diseases of the digestive system has increased 
among the Negroes of the South since the first observation was made 35 
years ago, due it is believed, as will be shown, to a changing diet The 
difference m the numbei of cases 111 the two races, based on the percentage of 
population, IS still marked enough to beai out the claims of the present discus- 
sion Nine geneial hospitals supply the metropolitan area of Atlanta, embrac- 
ing a population of 533,000 381,000 white, and 152,000 colored There are 
seven hospitals for white patients, and two for Negroes The vast majority of 
the patients m this distiict patiomze these institutions, many patients come 
from other paits of the state and country, while a considerable number of 
patients go to hospitals outside the teintoiy During the past five years 
(1937-1941), among white patients admitted theie were 1343 cases of ulcei of 
the stomach and duodenum , 2940 cases of gallbladder disease, and 16,372 cases 
of all types of appendicitis During the same period, among colored patients 
admitted theie weie 130 cases of ulcer, 98 cases of gallbladder disease, and 974 

* Used for brevity , “gastric and duodenal ulcers” is preferred 
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cases of appendicitis These figuies, which aie appi oxiinately correct, show 
that duiing the past five yeais ulcer was eight times as common m white 
patients as in Negioes, gallbladdei disease was 15 times as common, and 
appendicitis eight times as common Inquiiy leveals the fact that the relative 
fiequency of these diseases m the two races m othei Southern cities is about 
the same as that lepoited fiom Atlanta 

The question has been asked whethei the Negio patients receive as 
thoiough study as the white patients The Negio Division of the Giady Hos- 
pital IS opeiated by the Medical School of Emoiy University, so that these 
patients aie assuied diagnostic and theiapeutic caie on par with that of white 
people Again, inasmuch as an equal numbei of white and colored patients, 
50,000 of each, weie tieated in the hospital during the five-yeai period, 1937- 
1941, and since the coloied population of the Atlanta aiea is less than one-thiid 
that of the whites, it is probable that more than 90 per cent of the Negioes 
afflicted with the lesions undei discussion weie tieated in the Grady Hospital 
A small per cent were unrecoided, 01 weie tieated m a piivate hospital for 
coloied patients 

The food of the Southern Negio compaies in a measure with that of 
McCall ison’s East Indians, and piobably would be exactly duplicated if pos- 
sible The Negio’s fiist choice in diet is fiesh green vegetables, turnip greens, 
collaids and cabbage, and a mixed juice made fiom them, called “pot hkker ” 
They enjoy other vegetables like cow peas, stung beans and potatoes, and eat 
vaiious ceieals Then favoiite bread is com bread, made from watei -gi ound 
meal when it can be obtained They will eat fresh fish evei y day if they can 
get it, but do not consume a gieat amount of meat, except the cheaper kinds of 
bacon, and aie not especially fond of sugai and sweets Pork chops are highly 
esteemed but are not geneially included m the menu on account of the expense 
The same leason applies to chicken despite the Negio’s tiaditional affection foi 
this fowl Coffee and tea do not appeal to then appetites, but they lelish lemon- 
ade, even for bieakfast High cost precludes hbeial use of milk and eggs In 
contiast with the moie expensive, over-piepaied food of most of the white 
inhabitants, accoiding to our knowledge of the subject, the chosen nutriment of 
the Negio, while cheap, is rich in vitamins 

Close inquiry 1 eveals the fact that most of the coloi ed victims of the diseases 
undei discussion have strayed fiom the foods listed above, and eithei fiom 
choice 01 necessity have indulged in the fare of modern civilisation Some of 
these patients lived m the homes of white people where they could not obtain a 
sufhcient amount of the nuti iment which agrees with them so well , 01 their 
occupation forced them to dine at lunch-counters where the can-opener is used 
so freely Negroes do not eat canned foods, and it is most unusual to find such 
an article in their homes As the members of this 1 ace take on more and more 
the dietary of the day, howevei , alimentary diseases inci ease among them 

The loss of vitamins by canning varies with the kind and condition of the 
food used, and the method of canning Improved methods are in vogue today 
which seek to preserve vitamins and other nutritional qualities by the elimina- 
tion of all air from the cans The analysis of raw, cooked and canned samples 
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fiom vaiious souices, given by Pett and Cantoi,^ show the stability of vitamins 
tindei canning as follows 

Vitamin A is fanly stable to heat m the absence of air, and loses from lo to 
50 pel cent vitamin content fiom canning, whethei m the home or factory 
Vitamin Bi is appieciably destioyed in all cooking and canning Acid 
pioducts preseive it best, the loss of being 5 to 15 pei cent, but 111 alkaline 
pioducts 80 pel cent ma)'- be lost 

Vitamin B2 complex is moie stable to heat Rilioflavin and nicotinic acid 
ai e desti oyed to the extent of 5 to 20 per cent 

Vitamin C is the least stable of all vitamins, but owing to the occuiience of 
piecursors 01 combined foims it is stable to canning 111 some foods, in othei 
cases It IS completely desti oyed 

Vitamin D is fairly stable m milk, it is not impoitant 111 most othei foods 
These authois conclude that since canned foods must be cooked again 111 
the home, fuithei losses in vitamin content will be noted This fact tends to 
bung the value of canned foods even lower than foods which lequiie only one 
cooking Theiefore, canned foods may sometimes be justified mainly on 
giounds of convenience and price rather than for their food value 

While vitamin deficiency is only suggested as one of the causative factois in 
the production of these lesions, fuither expeiimental woik may lesult m 
moie definite pi oof Infection is one of the principal etiologic agents in 
cholecystitis and appendicitis, and it has been shown in the laboi atoi y that lack 
of Vitamins A and B complex loweis lesistance to infection fiom 50 to 75 pei 
cent Study of the cause and pievention of disease is equally as important as 
its diagnosis and tieatment 
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Discussion — Dr J Shelton Horsley (Richmond, Va ) This paper of Doctor 
Boland’s is very interesting and thought-provoking Those of us who were born and 
raised — I suppose I should say born and reared — in the South along with the Negroes, 
have evidently noted the change in the incidence of diseases, certainly during the last 
25 or 30 years The effect of vitamins on the Negroes and on the Whites is of course, 
rather marked The ‘‘pot liquor’ that Dr Boland spoke so eloquently about is prob- 
ably one great source of vitamins It has been made nationally famous by some of our 
Southern senators who use it in dunking ’ but whether used that way or not, it does 
contain among other vitamins, considerable vitamin K, because as you know, vitamin K 
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comes from alfalfa, among other things It seems to be not too much of an assumption 
to think It comes from that too Vitamin K which, as you know has almost trans- 
formed the surgery of jaundice is extremely important and is synthetically prepared 

There is a very interesting correlation between the vitamins and the repair of wounds 
It IS common knowledge that ordinary wounds on patients who have some vitamin de- 
ficiency repair much more rapidly when this deficiency is supplied 

In regard to cancer vitamins arc recently becoming very interesting, especially 
vitamin H which has recently been offered and now prepared in crystalline form Two 
years ago this was found to be one of the stimulating elements of growth and it was 
found in rapidly growing cancers It may in a way now explain the cause of rapidly 
growing sarcomata in which there is a streptococcic infection Vitamin H or biosin is 
found very abundantly in rapidly growing malignant tumors It is also found abundantly 
in embryos and in young children 

The streptococcus also demands a large amount of biosin so that when a wound 
IS infected with steptococci it may consume so much of the biosin that the malignant 
cells cannot live That seems to be probably the most logical explanation of those cases 
in which cure has followed streptococcic infection or in those cases in which Coley s fluid 
has been followed by cure While only a few there arc undoubtedly some 

About SIX years ago a Japanese investigator found one of the benvene rings through 
the neoazobenzene I believe called butter-yellow It has no connection with butter 
It IS just called butter-yellow because it resembles it in color It is a very remarkable 
karyogenic preparation If that is fed to rats that arc on a low vitamin diet of polished 
rice carcinoma of the liver develops in about 90 per cent of the rats Now, if the rats 
are given a fairly good vitamin diet the carcinoma incidence drops to about ten But if 
on the other hand they arc given biosin the carcinogenic substance breaks through this 
resistance and goes up to 90 again 

There is a preparation of egg white called abidon that seems to counteract the 
effect of biosin to some extent While that looks like suggestively a remedy for cancer 
clinically does not work out 

Sydenstricker of Augusta Ga did some experiments on this, giving large quantities 
of It and produced symptoms quite like pellagra avitaminosis However there is a 
possibility that something may arise through this There arc two different substances 
one antagonistic to the other Egg white abidon of course is in cgg-whitc or albumin 
and can be extracted 

Dr Fred B Lund (Boston Mass ) I was delighted to hear Doctor Boland call 
attention again to the importance of vitamins among patients who hive surgical diseases 
As some of you know I have studied some of the vitamins particularly vitamin C 

In our thinking about these vitamins we have to be quite careful about drawing 
definite conclusions as to cause and effect As recently as seven years ago some very 
excellent observers stated that lack of vitamin C was a contributory cause of secondary 
anemia Two years ago the same observers restudied the problem a little more carefully 
and came to the conclusion that they had been wrong the first time and that what had 
occurred was that the patients who came into the hospital with dietary secondary anemia 
were suffering from two separate diseases that the same diet that was deficient in iron 
was also deficient in vitamin C, but the vitamin C deficiency had nothing to do with 
the anemia 

Gastroduodenal ulcer in the human has not, so far as I know been shown to be 
caused by lack of vitamin C I have some data which are as yet unpublished, showing 
that 90 per cent of the patients with gastroduodenal ulcer as seen at the Boston City 
Hospital have less than saturated levels of vitamin C in the blood, but just a few patients 
come in with ruptured gastric ulcer with obstructive gastric ulcer bleeding gastric ulcer 
who have been taking sufficient orange juice or other sources of vitamin C, and have 
perfectly normal reserves 

The situation in regard to the low vitamin C I think is a matter of choice of 
food and the fact that the population as a whole and many of the doctors have not 
caught on to the fact that if you push the milk and cream up very high in the diet and 
do not make a special effort to call their attention to the things removed from the diet, 
the patients themselves will be apt to remove too much of the vitamin C foods 
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Appendicitis occurring in childhood is the most common lesion of the 
abdomen requiring surgical intervention The symptoms of the disease aie 
easily recognized where the patient is seen early and an eaily diagnosis made 
by process of elimination However, gangiene and peifoiation, which occuis 
earliei m the course of the disease m infants and childien, alter the subjective 
and objective findings and it is fiequently difficult to evaluate the clinical pic- 
ture The adult is conscious of the discomfoi t associated with appendicitis and 
can desciibe his symptoms The condition m the young child, howevei, may 
go umecogmzed and not be appreciated because the symptoms aie thought to 
be the result of a disease othei than that involving the appendix 

This study of 1,653 case histones has seived to emphasize ceitam facts 
Chdi t I indicates that there is a progressive inci ease 111 the incidence of appen- 
dicitis m childi en up to ten years of age The 1 epeated admimsti ation of some 
type of cathartic is the rule rather than the exception 111 the gioup undei con- 
sideration Delay in seeking piopei medical attention for many of these 
patients frequently after seveial days of illness has been a factoi m the develop- 
ment of a well advanced infection at the time of admission, and has tended to 
complicate the surgical management Pam is lecoided as the outstanding sub- 
jective symptom accompanied by nausea and vomiting, although the lattei may 
not be present Fevei is found in the majority of cases The histoiy, as given 
eithei by the paient 01 child, reveals that the onset of pain was sudden and 
more or less geneial around the umbilicus, localizing later, usually m the right 
lower quadiant Frequently, the objective findings relating to postuie, namely, 
flexion of one or both thighs on the abdomen together with localized tenderness, 
ngidity 01 distention, seived as an aid m making the diagnosis In the gioup 
seen eaily m the course of the disease, the chaiacteiistic subjective and objec- 
tive symptoms indicated immediate surgical mteivention Eaily opei ation is 
necessaiy m the case of the infant or young child Piociastmation leads to a 
seiious condition which jeopardizes the child’s chance for lecoveiy, 111 spite of 
the best sui gical management 

The impoitant problem which confronts the suigeon is the decision legard- 
mg the advisability of an immediate opei ation on the child ill foi seveial days 
with dissemination of infection thioughout a consideiable poition of the peri- 
toneal cavity Individual considei ation should be given each patient and cer- 
tainly no rule can be foimulated which sets up an arbitiai} type of sui gical 

* Read before the American Surgical Association, Cle\ eland, Ohio, April 6-8, 1942 
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management Theie is, howevei, geneial agieement that the patient ill for 
seveial days, dehydiated and with abdominal distention, requires a peiiod of 
conseivative tieatment to impiove the geneial condition piepaiatoiy to surgery 

CLASSIFICATION AND DISCUSSION 

This study of appendicitis occuning in infants and children under age 12 
includes a leview of many patients in the chanty class, often undernourished 
and with low lesistance to infection We believe tins fact should be consideied 
in evaluating the results of tieatment 


AGE INCIDENCE-APPENDICITIS 
1927-1941 



Age 
Chart i 

All cases of acute appendicitis have been classified in the following gioups 
(i) Acute unruptured appendicitis (2) Local peiitonitis (3) Diffuse peri- 
tonitis (4) Abscess 

(1) Acute Um Hptui ed Appendtcifi ^ — The acute uniuptured appendicitis 
group included 742 patients opeiated upon with thiee deaths, 01 a moitality 
rate of o 44 pei cent The causes of death wei e ( l ) Pneumonia on the fifth 
day, (2) intestinal obstruction on the sixth day, and (3) patient died sud- 
denly at the conclusion of the opeiation , the cause of death was not determined 
Fioni the above experience, it is appaient that early diagnosis and immediate 
operation will give good results This paper is not paiticulaily concerned with 
this group of patients, because the morbidity and mortality is minimal 

(2) Local Poitomtis — This gioup includes the children admitted after an 
illness of seveial days’ duration with clinical evidence of appendicitis with per- 
foration and local peritonitis Often consideied poor risks at the time of ad- 
mission, practically all of these patients can be successfully prepared in a few 
hours by reestablishing hydration At operation, drainage may be established, 
and the ruptuied gangrenous appendix removed, if this proceduie does not 
unduly inci ease the time factor or present the possibility of inci eased contami- 
nation of the peritoneal cavity Chemotherapy and intestinal siphonage are a 
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valuable adjunct in the management of these cases There were 183 patients in 
this group who were operated upon in the IS-)- ear peiiod 

(3) Diffuse Peiifonifis — We aie particularly concerned with the patients 
in the thud group, which includes childien in the undeipiivileged class ad- 
mitted to the Smgical Seivice late in the couise of the disease The picture is 
often that of a well developed paralj'tic ileus associated with a high tempeiature 
and a rapid, weak pulse Efforts to prepare these patients for operation have 
frequently produced little 1 espouse, and it has been impossible even to attempt 
simple drainage Many of these children have rapidly succumbed to the over- 
whelming toxemia a few houis after admission Bactenologic studies from 
pentoneal aspnations 111 many of these patients have leve.iled the piesence of 
mixed infection With the introduction of chemotheiapy, some of these 
patients have lesponded satisfactorily and suigeij has ofteied a better prog- 
nosis Duodenal suction or the use of intestinal siphonage has also materially 
influenced the piognosis and has pioved a valuable adjunct m piepanng these 
seriously ill patients foi opeiation There can be no question but that these 
methods of intestinal decompiession and drainage have contributed in lowering 
mortality m a group of sei lously ill patients There were 94 patients included 
in this group 

(4) Abscess — The fouith group of patients, those with localized collec- 
tions of exudate, ai e not as sei lous a problem The small abscess may or may 
not be drained at the tune, accoiding to the disci etion of the surgeon Short 
periods of prepaiation may often be indicated before opeiation Our ex- 
perience has indicated that may small abscesses will rapidly resoKe The large 
abscesses often are poorly handled by the patient and always present the possi- 
bility of ruptuie and spread of infection of clean areas of the pentoneal cavity 
Therefoie, in our opinion, relatively early drainage is the procedure of choice 
If the appendix is not iemo\ed at operation, 01 in the case of the small abscess 
allowed to resolve, the paients are instiucted to retuin the child for appen- 
dicectoniy within a period of two months fiom the tune of discharge from the 
hospital Theie weie 292 patients diagnosed as having an appendiceal abscess 
and all were opeiated upon, although in many instances the surgical procedure 
was limited to diainage alone A number of patients not listed here recovered 
without operation and were dischaiged to return later for appendicectomy 
They were then included in the chronic or recui rent group 

PBEOPEEATIVB MANAGEMENT 

The preparation for operation of the child seriously ill as the result of 
appendicitis with perfoiation is particularly important The establishment of 
physiologic rest of the intestinal tract is indicated as an aid m the prevention of 
a further spread of infection This is accomplished by vithbolding all fluids 
by mouth, suction drainage, heat to the abdomen and sedation The patient’s 
fluid balance is 1 eestablished by the administration of saline and glucose solu- 
tions, either by multiple infusions or by the continuous diip method Sup- 
plementing intiavenous saline and glucose, patients may be gnen uholc blood 
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or plasma as indicated When avitaminosis is present in young children with 
serious peiitoneal infection, vitamin therapy is indicated 

SURGICAL TREATMENT 

The 1 espouse to pieoperative treatment will decide the time for surgical 
intei vention The extent of the surgical pi ocedure m the case of the critically 
ill child with peiitonitis must be limited and the decision made to to whether 
drainage alone is indicated oi whether appendicectomy can be safely performed 
Nitious oxide and oxygen with a minimum amount of ether has pioved a satis- 
factory anesthetic 

Incisions — Theie has been some controversy regarding the type of incision 
and its lelationship to the moitality, especially in the patients with local or 
diffuse pel itonitis The McBurney incision is prefei red by many surgeons In 
the case of adults this choice may be justified, but in infants and children it is of 
less impoitance, because of the diminished lelative distance between the para- 
rectus (Battle) and the INIcBuiney incisions 

Duimg the past five yeais, loo patients with acute luptured appendicitis, 
with eithei local or diffuse pei itonitis, have been operated upon In 78 patients, 
the paiarectus incision was used and theie nere two deaths In the lemaining 
22 patients, the jMcBuiney incision was used with three deaths Good sur- 
gical technic and gentle handling of tissues is of greater importance and the 
mortality is not influenced by the type of incision used in the infant 01 child 
Diainage — All accumulations of pus and abscess pockets are opened and 
evacuated by suction A soft lubbei tissue dram is inserted eithei into the 
pelvis or iliac fossa depending on the location of the abscess Counterdrainage 
through a small incision in the flank is established as indicated In closing the 
wound, the peiitoneum is sutuied to the point of drainage and a rubber tissue 
diaiii inserted beneath the fascia The remainder of the wound layers are 
sutured about the dram In a few instances simple closure of the peritoneum 
and packing of the lemaindei of the wound with vaselined gauze have been 
pi acticed 

POSTOPERATIVE TREATMENT 

Continuation of the methods of pieoperative management are indicated 
until the patient is sufficiently improved to allow lemoval of suction diainage 
and discontinuation of the various supportive measures The immediate con- 
tinuation of intestinal siphonage following operation has pioved of particular 
benefit as a prophylactic measure as regards paralytic ileus The application of 
heat to the abdomen is a loutine piactice in the patient with distention Oral 
fluids ai e withheld until the temperature and pulse rate approach normal and 
distention is satisfactoiily relieved Oxygen is also administered to the patient 
with marked distention Whole blood or plasma transfusions have proved a 
A^aluable postopei ative aid in cases of extensive peritonitis 

CHEMOTHERAPY 

The sulfonamide group of drugs are gradually assuming more importance 
in the treatment of patients with peiitonitis or abscess formation following 
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appendiceal perforation To date the total number of childien m this study 
with intrapentoneal infection following appendiceal peiforation who leceived 
chemotheiapy is not laige, but the results have been so encoui aging that the 
continued use of the sulfonamide drugs is strongly indicated Prioi to the 
yeai 1939, sulfanilamide was given orally to a few patients Although no defi- 
nite conclusions were possible, oui opinion at that time was not favoiable in 
legard to this type of therapy With the introduction of sulfapyiidine and 
subsequently sulfathiazole, the results with patients leceiving chemotheiapy 
were encouraging, although not entiiely convincing, since the numbei treated 
was still small 


The accompanying table lists all patients treated with the sulfonamide 
diugs duiing the years 1939, 1940, and 1941, a total of 47 patients foi the thiee- 
year period One death occurred in the series, an i8-months-old child under 


tieatment for pulmonary tuberculosis 
at the time the appendiceal infection 
developed This patient succumbed 


THE EFFECT OF CHEMOTHERAPY ON THE MORTALITY 
RATE IN THE PERITONITIS AND ABSCESS GROUP 
THREE YEAR PERIOD, 1939—1941 


on the twenty-fourth postoperative 
day fiom bronchopneumonia All 
other patients survived, and in most 
instances the convalescent period was 
uneventful All patients receiving the 
sulfonamide drugs in the three-year 


No of Coses 

Chemotherapy 

Deaths 

Mortality Rate 

47 

Yes 

1 

2 1% 

67 

No 

8 

II 9% 


Chart z 


peiiod had perforation of the appendix with local oi diffuse peiitonitis or 
abscess Twenty-nine patients were included in the abscess gioup The one 


death occurring in the senes gave a moitahty late of 2 i pei cent Dining the 
same yeais, 67 patients in the peiitonitis and abscess gioup did not leceive this 
type of theiapy There were eight deaths 01 a moitahty late of ii 9 per cent 
It should be pointed out that as expeiience with chemotheiapy indicated a 
valuable adjunct in the management of the seriously ill patient with peiitonitis 
01 abscess, lelatively more children leceived the benefit of this tieatment In 
most instances they were the seiiously ill patients, tlie type that would ordi- 
nal ily show a higher mortality It is, thei efoi e, moi e convincing evidence that 
chemotherapy was of benefit since the moitahty late was lelatively low 

At piesent it is oui rule to give during the postopeiative peiiod sulfathia- 
zole intravenously m the form of the sodium salt to all patients with peiitonitis 
of any considerable extent In addition, during lecent months a majority of 
these patients have received sulfathiazole powdei inti apei itoneally at the time 
of opeiation In many instances the drug was also placed in the w ound layers 
duiing closuie Many patients received intravenous chemotheiap) liefore 
opeiation and individuals treated consei vatively without opeiation weie given 
the di ug pai enterally as eai ly as possible 

As soon as advisable during the postopeiative course, 01 al administration 


was substituted and continued until the temperatuie appioached normal, and 


othei evidence of peritoneal infection was absent 

We are aware of the argument against the use of sulfathiazole pow der intra- 
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pel itoneally oi in wounds , namely, the tendency to cake and to act as a foreign 
body, thus pioducing added peritoneal and soft tissue reaction To date, we 
have seen little evidence that caking of the drug influenced the duration of 
symptoms or acted in any way detiimental to the patient’s chances for recovery 
To the contiaiy, the small gioup of patients m which the drug was given intra- 
peritoneally oi m the wound, ivithout exception, recoveied without an excess 
amount of diainage or delay in wound healing, or a prolonged hospital 
stay The amount of sulfathia^ole powdei placed in the peritoneal cavity has 
been limited to 2 oi 3 Gm m youngei patients and has not exceeded 5 Gm in 
older children Whether small doses of the di ug are of benefit may be a ques- 
tion On the othei hand, the small quantities used may account foi the absence 
of irritative symptoms 

Local chemotheiapy in the less seveie infections or nonperforated cases has 
not been a part of the management, but piobably would piove of benefit as a 
prophylactic measuie against possible contamination of the peiitoneum or 
wound These diugs have often been emplo3'-ed 01 ally 01 inti avenously in the 
tieatment of complications, paiticulaily ijneumonia 01 upper respiratoiy infec- 
tions, with good results as legards ultimate lecovei)' and lowered moibidity 

The amount of sulfathiazole given inti avenously 01 orally is determined 
accoiding to the weight of the child, a total of i 25 gi per pound m a 24-hour 
period m divided doses at four-houi inteivals The blood levels are usually 
maintained at 3-5 mg pei cent, although occasional tempoiaiy levels as high 
as 15 mg per cent have been encounteied, usually eaily in the course of treat- 
ment Unfavorable symptoms attributable to the drug require smaller doses or 
entile cessation of this type of medication This has not been necessary in any 
of our cases to date Sulfadiazine has been given orally to a few patients, but, 
since our experience with this drug is so limited, no conclusions can be formu- 
lated at this time 

Table I 

APPENDICITIS — INFANTS AND CHILDREN 



1927-1941 



Classification 

Number 

Deaths 

Per Cent Mortahtj 

Acute unraptured 

742 

3 

0 44 

Acute ruptured — local pentonitis 

183 

I 

0 SS 

Acute raptured — diffuse peritonitis 

94 

61 * 

64 9 

Appendiceal abscess 

292 

II 

3 6 

Recurrent (chronic) appendicitis 

342 

0 

0 0 

Total 

1653 

76 

4 2 

* Includes 35 unoperated 

MORTALITY 



There were 183 patients, or 

II per cent 

of the 

total number studied. 


admitted with a diagnosis of ruptured appendicitis and local peritonitis There 
was one death in this group, or a mortality late of o 55 per cent Postmortem 
examination revealed an acute dilatation of the heai t and gangrene of the small 
intestine due to an adhesive band 

In the group classified as acute ruptured appendicitis with diffuse peritonitis 
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there were 94 patients, or 5 7 per cent of the total group of patients studied Of 
this gi oup of patients, 61 died, giving a inoi lahty late of 64 9 pei cent On fur- 
ther analysis, we find that 35 of the 61 deaths occuiied without an} operation 
having been pei formed The condition of these patients on admission was 
critical and attempts to pi epai e them foi surgical intervention wei e unsuccess- 
ful There weie 26 deaths, 01 a mortality rate of 44 i pei cent, in the remam- 
ing 59 patients in this gioup opeiated upon Analysis of the deaths 111 this 
group revealed that these patients died of toxemia secondary to overwhelming 
peritonitis 

In the gioup classified as appendiceal abscess, theie weie 292, 01 176 pei 
cent of the total patients studied Thei e were 1 1 deaths, or a mortality rate of 

3 6 per cent, with analysis of the 1 1 deaths occui img m the appendiceal abscess 
gioup as follows one — Convulsions (ether?) Six — Pneumonia Two Sub- 
phrenic abscess Two — Peiitonitis 

The patients with chionic or recurrent appendicitis are listed as a matter 
of recoid Theie weie 342 m this gioup, with no deaths 

In the groups classified as acute unruptuied appendicitis, ruptuied with 
local or diffuse peiitomtis, or abscess, there were 1,311 patients, with 76 
deaths, or a mortality late of 5 8 per cent The moitahty foi all groups was 

4 2 per cent 


SUMMARY 

(1) This study repiesents a review of 1,653 cases of appendicitis in in- 
fants and children occuning in a 15-year period (1927-1941) undei the caie 
of five members of the Suigical Service, The Childien’s Hospital of Michigan 

(2) Patients with acute peifoiated appendicitis with local 01 diffuse peri- 
tonitis requiie special consideiation in legaid to pieopeiative tieatment, the 
optimum time for suigical mteivention, the extent of the opeiative pioceduie, 
and the postoperative management 

(3) Chemotherapy in a limited numbei of patients has pioved of definite 
benefit as an adjunct to the usual routine treatment 

(4) The early diagnosis of acute appendicitis and eaily operation aie the 
most impoitant factois 111 loweiing the moitahty of this disease in infants and 
children 

Discussion — Dr William E Ladd (Boston) I am sure that most of us agree 
with nearly all of the statements that Doctor Penberthy has made We certainly are all 
agreed that catharsis is contraindicated in appendicitis We also would be unanimous in 
the opinion that delay in consulting a physician and a consequent late diagnosis is the 
chief factor in raising the mortality in this condition I think most of us who have had 
much experience with this disease in early life would agree that the younger the patient 
the more important is the factor of early operation The problem of acute appendicitis 
IS no problem at all providing it is recognired and an operation is performed prior to 
the time that peritonitis or other complications have developed The time limit between 
the onset of symptoms of appendicitis and the development of complications is apt to be 
much shorter in early life than it is in the later }ears 

In a review of 848 cases of acute appendicitis, made three >ears ago, at the Boston 
Children’s Hospital by one of my associates there were 466 cases of acute appendicitis 
with two deaths — one due to hemophilia, winch was not recognized until after operation 
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This mortility of 42 of i per cent is practically identical with the mortality of 44 of 
I per cent just reported by Doctor Penberthy Other writers report similar negligible 
mortality in acute appendicitis before complications had developed 

I agree with Doctor Penberthy that delayed operation in these young patients who 
have developed peritonitis is a hazardous practice Doctor Ochsner, of Chicago, who was 
the original advocate of the delayed operation in cases of spreading peritonitis, pointed out 
over 40 years ago that this practice should not be used in children Opposition to the 
delayed operation does not mean that adequate time should not be taken to overcome 
dehydration and put the patient in the best possible condition for operation On the 
contrary, this much delay is very often desirable and of great importance The indis- 
criminate policy of delaying operation in cases of spreading peritonitis on the theory that 
the peritonitis will become a localized abscess is courting disaster in childhood There is 
however, an occasional case in older children in which the peritonitis may become localized 
and the case changed from the group of bad risks to a group of much lesser risk To bring 
about such happy results requires meticulous attention to details of care and the nicest kind 
of surgical judgment It should not be attempted in the home by the pediatrician or the 
general practitioner 

In recent years the McBurney incision has been resurrected, and in my humble opinion 
rather undue importance has been attached to this incision as a factor in lowering the 
mortality If the cecum and appendix ride high up under the liver, a situation not too 
infrequently found in early life a McBurney incision is awkward and undesirable Like- 
wise if the appendix can be palpated low in the pelvis the McBurney incision is not 
suitable On the other hand if the appendix is retrocecal and the cecum is in the iliac 
fossa the McBurney incision affords an ideal approach I think the best incision is one 
made over the appendix so that the offending organ can be removed with a minimum of 
trauma 

Regarding intestinal drainage by the Millcr-Abbott tube it is our belief that the 
Miller-Abbott procedure will seldom be required if the ordinary Wangensteen gastric suc- 
tion IS used as a routine procedure applied at the time of operation and continued as long 
as indicated 

The addition of chemotherapy to our therapeutic measures appears to be helpful In 
a report from our hospital prior to the use of chemotherapy there were 373 cases of 
peritonitis of appendiceal origin including the worst cases with a mortality of 6 per cent 
Since the adoption of chemotherapy we have had 75 cases in which this factor has been 
introduced Sulfathiazole has been the drug most frequently used and has been given in 
sufficient quantities to maintain a blood level of about ten In these 75 cases there have 
been three deaths a mortality of 4 per cent One death took place on the fourth post- 
operative day, and one on the eighth postoperative day, with pneumonia as the determining 
factor as the cause of death The thud death took place on the eighth postoperative day, 
with intestinal obstruction and sepsis as the important factors 

In any given series the mam factor in mortality will always be somewhat dependent 
on the ex'tent of the sepsis at the time of operation This factor is bound to vary in 
different localities and in different hospitals in the same locality 

Dr Frederick A Colder (Ann Arbor, Mich ) I have no business discussing 
this paper at all because my experience in the care of acute appendicitis in youngsters is 
so much smaller than that of Doctor Penberthy and Doctor Ladd that it is quite incon- 
sequential Doctor Penberthy asked me to discuss the paper however and I think he did 
so because he regards me as one of the ctiologic factors in perhaps raising his mortality there 
In 1930 we reviewed our cases in the University Hospital (adult and children) 
very carefully and we found that in both adults and children the death rate occurred 
essentially in one group that is the patients who came in having had the disease all 
with a cathartic from three to five days They presented the typical picture so familiar 
to all of us, of generalized spreading peritonitis Before that time we had followed the 
principle of removing the appendix so that the source of infection could be stopped We 
concluded after this study that anything we did would probably give us better results than 
we had been getting because our mortality was between 50 and 60 per cent So we 
determined at that time to pursue the policy of delayed operation 

Here again our differences between the policy we have been carrying out and the 
one mentioned by Doctor Ladd are not factual but only in the phrase I think* because 
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after all Doctor Ladd hydrates these dehydrated youngsters, restores their chemistry, puts 
in a tube, decompresses them, and that is the essence of the delayed operation as we have 
carried it out Our mortality in adults and in children is less than it was before 

Doctor Ladd puts his finger exactly on the difficulty, because one talks about delayed 
operation, and the wrong person delays the operation It is not the delayed operation 
The thing that does harm is the delay between the time of disease and the time the surgeon 
sees the case I entirely agree that every one of these patients should be in the hospital 
under a surgeon s care, and one may delay for an hour, one may delay for ten hours, one 
may delay for a week It requires in my opinion, surgical judgment that I do not have, 
and that very few do have, to know exactly what is the safe time As a matter of fact, 
as we see these youngsters with widespread peritonitis, sick from three to five days, the 
process in many cases has become irreversible Nothing one does will effect a cure That 
IS the point that Doctor Penberthy and I have argued pro and con, and I have rather 
talked him around I think to some delay, and perhaps he feels I urged him too strongly 
That IS the reason that I discuss this paper to-day 

I would like to mention, however, briefly, the group that we have had our greatest 
experience with and that is the college student We have a large number I do not 
know what our enrollment is but it is fairly large and we take care of acute appendicitis 
These youngsters are supposed to have had some education, and are supposed to be getting 
more They probably know as much about acute appendicitis as any group of lay people 
in the world Their medical and surgical care, and their hospitalization, costs them 
nothing as that is all taken care of by their health service So the economic point does 
not enter in They are, of course the ideal group There is no reason why treatment 
should not be perfect 

Since 1920 to the present time — I do not know the exact figures — we have operated 
upon them, and in various stages Some will wait two or three days before we see them 
We have operated upon them in all stages of acute appendicitis, local infection, etc , nearly 
2,700 That IS a rough figure Three have died in that time One of them died of 
infection and gangrene of the bladder A second died of peritonitis He remained home 
in his room and took castor oil for two or three days before we saw him The third 
death occurred two weeks after the young man had left the hospital He was cranking 
an automobile and died suddenly I suspected it was an embolus, but we never had 
any proof because autopsy was not permitted 

Those results show what one can do, and it seems to me they show that diagnosis 
in an intelligent adult is not too difficult because we have made many errors but they have 
been compensated for by the youth and the care we have given this group 

In conclusion I would suggest to Doctor Penberthy, that perhaps the only way you 
and I can lower the mortality in these youngsters with peritonitis who live in our neigh- 
borhood IS to urge upon the mothers that they give the youngsters less castor oil and, as 
Doctor Boland suggests, probably more ‘pot liquor ” 

Dr David E Robertson (Toronto, Canada) I want to ask your indulgence for 
a few moments while I show you a few lantern slides 

(Slide) These are the records of cases coming from the Hospital for Sick Children 
of Toronto, January i, 1940 to March 27, 1942, total number of appendicectomies, 
1,043 

Of these, 465 were definitely acute appendicitis No mortality in this group Gross 
perforation of appendix, 115 Bacteria in free peritoneal fluid, 67 Conservative treat- 
ment in 19 Simple drainage in 14 Sulfonamide therapy, 126 Miller- Abbott Tube, 
30 Deaths, two 

I thought we had only had one death at the time, but the pathologists very kindly 
found me a death on the medical side This patient had been admitted to the surgical 
ward and had been diagnosed as, apparently, peritonitis, because he was said to have 
pneumonia on the same side The Miller-Abbott tube was introduced and during the 
first five days it worked rather unsatisfactorily, but they did recover about 1,500 cc After 
that, I find by the record, the boy was transferred to the medical side for the treatment 
of pneumonia, and in another four or five days he died He was autopsied and was 
found to have had a ruptured appendix 

(Slide) This was the sixth day of illness, ruptured appendix, with general peritonitis 
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Left-side bronchopneumonia Sulfonamide therapy throughout I might say that we use 
the drug intravenously On the sixth day he obviously had distinct distention 

It IS an extraordinary thing that it is so diflicult to follow these cases carefully This 
lad had a tube introduced that could have been put in just a little farther, and then it 
would probably have passed on more quickly and gone to the proper route 

(Slide) This shows the seventh day in the morning and the seventh day m the after- 
noon The tube is engaged in the duodenum but it was not allowed to pass on It was 
pushed in so that it stayed in the stomach 

(Slide) At the eighth day of illness it is still in the stomach, and at the ninth 
day It IS still in the stomach He was taken over to the medical side, and they reviewed 
It the boy died 

I think It IS obvious in this boy that whether or not the distention was the cause 
of his death, he did have distention, and he had the tube in for all that time in his 
duodenum So if the distention were the cause of his death a tube in the duodenum is 
not enough, and the distention down below whatever the peristalsis there is will push 
the gas down to the lowest point down to the point of obstruction and that distention 
of the wall there is what causes the reflex nervous shock, and what I believe to be the 
cause of death in appendicitis 

The next case is a boy who came into the hospital last October a year later than this 
one He came m with an odd history of having been seen by a physician The physician 
called up and gave the history The physician had seen him the night before and the 
boy had a strangulated hernia which he reduced The child was still ill during the night 
and the next morning the physician was called again the boy again had a strangulated 
hernia on the same side which he had reduced The boy was sent to the hospital He 
obviously had a general peritonitis His condition was not fit to warrant an operation 
for a few hours until he was put in better condition He was then operated upon, and 
found to have a ruptured appendix 

Thinking this boy might have a ruptured intestine from manipulation of the hernia 
he had a rectus incision He did well for a few days and the next I heard the resident 
told me the boy had died Well I demanded an inquiry When a case of appendicitis 
in a child dies, I believe it is some person s fault This boy should not have died 

Looking back at his record I find this picture (Slide) This boy has marked dis- 
tention A tube IS put in crammed in The tube was left in i8 hours and nothing 
came out of it Three hours before death they got 250 cc of fluid out through the tube 
Those arc the two deaths we have had I think they were just due to neglect and 
misunderstanding of the problems involved Both of these boys had sulfonamide therapy 
I have not believed for a very long time that death in appendicitis is due to bacterial 
infection or intoxication I think it is a death that generally occurs cabout the eighth or 
ninth day is due to distention Looking back over the days when we operated freely on 
these cases, I recall that distention was the factor they all had, the common factor they 
had before they died So I believe that death is due to distention, but it is very difficult 
to make a resident appreciate that 

I have established the custom of seeing every case of this type every day The resident 
said a few days ago Such-and-such a child is all right but he vomited yesterday I 
said, “Why did he vomit? ' “Oh he just vomited He s all right ’ I examined him, 
and he did not have any obvious clinical distention but the next picture is this one 
(Slide) This was the boy who vomited once five days after operation The introduction 
of a Miller-Abbott tube decompressed him and the boy is well I think we should 
critically examine our patients postopetativcly 

In our deaths from appendicitis we should not let any of them be buried or take 
the pathologist s report as to the condition of the organs, but we should get a true under- 
standing of the distention after the patient s death 

•* 

Dr Robert Elman (St Louis Mo ) I just want to add two points from the 
basis of my experience at St Louis Children s Hospital There are two nonoperative 
procedures which I think are very important only one of which has been mentioned by 
Doctor Penberthy that is, the use of plasma transfusions in amounts which arc really large 
amounting to about 10 to 20 cc per kilo 

Dehydration very often is difficult to correct avherc there is great loss of plasma into 
the wall of the bowel and general peritonitis not to mention the peritoneal cavity itself 
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The second point, is the use of oxygen inhalation immediately after the operation, 
whether the patient is cyanotic or not In that way, in the very seriously ill patients 
anoxia is controlled even before it develops In many of these very sick patients the 
oxygen was given to the patient on his way back from the operating room to his room, 
and he was kept m the oxygen tent for several days 

The use of chemotherapy as well as gastric suction, in our experience, has also resulted 
in a very marked reduction in mortality It has also shortened the period of delay, which 
I think IS justified in these very seriously ill patients 

Another factor, the intrapentoneal introduction of sulfanilamide has permitted us to 
close a great many of these cases of general peritonitis which we would not have cared to 
do in previous years 

Dr Grover C PeNBERTHY (closing) I am sure we are all agreed on the early 
diagnosis and the early operation being essential I am sorry Doctor Coller misunder- 
stood me I question very much that he could contribute to my mortality He was just 
being facetious He has done pioneer work, and I am sure we are all agreed with him on 
the delayed operation 

I think Doctor Robertson and Doctor Ladd are to be congratulated on their mor- 
tality rates 

Relative to oxygen therapy I had to omit some of my paper. Doctor Elman I am 
glad you brought that point up, because in addition to the good surgery and the plasma, 
oxygen therapy is a great help, especially in the child who is tremendously distended 




PUBLISHING AND THE WAR 

Perhaps the most striking feature of the present-day European medical 
periodicals including the English publications, is that their articles are at 
least 50 per cent shorter than in the pre-war years Either the editors must 
want to save paper, or the authors cannot summon up sufficient mental con- 
centration to write articles of average length Style has changed also, words 
are more carefully selected and their subject-matter, mostly related to one or 
another phase of war medicine or to public health, is discussed rather more 
clearly than in former years Illustrations are seen only occasionally, owing 
to increased difficulties of printing and engraving, as well as to the high cost 
of publishing As far back as the early part of 1941, most of the English 
medical journals contained announcements by their editors that the illustra- 
tions would have to be paid for by the author himself 

One wonders how many medical journals which have long been familiar 
to us still survive in the so-called Axis countries We hear almost nothing 
from Belgium and Holland, and very little from occupied and unoccupied 
France In the late November issues of the Schweizerische wediztnische 
Wochenschaft are to be found a few abstracts from the French Presse 
Medicate, the Deutsche medtzmtsche Wochenschaft and the Munchener 
medtztntsche Wochenshaft, so we know that they are still in existence, not- 
withstanding severe military censorship No doubt many of our favorites 
have ceased publication entirely Many editorial offices doubtless have been 
forced to migrate from one city to another 

— Bulletin of the Medical Library Association, April, 1942 
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CLOSURE OF ILEOSTOMY IN ULCERATIVE COLITIS* 

Richard B Cattell, MD 
Boston, Mass 

FROM THE DFPAUTMENT OF SURGERl, THE EAlIFl CLIMC, BOSTON, MASS 

The surgical treatment of ulcerative colitis has been a recent develop- 
ment with sporadic cases operated upon previous to 1930 Dining the 
last decade theie has been much interest and pi ogress The problem con- 
fronting surgeons at the beginning of this period was fiist, to determine 
what patients could be benefited or saved by surgeiy, and second, to convince 
internists under whose care these patients naturally fall, that surgeiy should 
not be used solely as a last lesoit Through the woik of McKittnck, Cave, 
Stone, Ladd, T E Jones, Lahey, the authoi and others, it has now been 
accepted that good lesults follow the emplojnnent of ileostomy, paitial colec- 
tomy, and total colectomy, and that other opeiations aie ineffective and 
should be discontinued The medical tieatment of ulceiative colitis has been 
shown to be unsatisfactory in approximately one-half of all cases Kiefei,^ 
in a lepoit from the Lahey Chnic, found that patients who had been undei 
medical tieatment and followed foi five yeais or more gave unsatisfactor)’’ 
results m 43 per cent Ileostomy has been necessaiy in many of these cases 
In spite of improvement in the surgical treatment, theie has been no geneial 
acceptance of definite indications for ileostomy or unifoimity in the time 
that ileostomy has been elected 

This paper wall piesent our indications for ileostomy and lecommend eaily 
ileostomy m patients with seveie ulcerative colitis in ordei to obtain the 
earliest possible remission befoie 11 reversible stmctuial changes in the colon 
occui Eaily ileostomy is urged so that the ileostomy may be disconnected, 
restoiing the continuity of the intestinal tract in some patients Theie 
has been a long peiiod of tiial for medical management Theie has been 
sufficient experience with ileostomy in late cases to know' what lesults can 
be expected and in these cases ileostomy must be permanent Eai ly ileostomy 
and later closure of the ileostomy has not been given a ti lal m adult cases At 
the Childien’s Hospital in Boston, Ladd and Gross” have closed the ileostomy 
of seven childien Stone"' repoited the closure of five cases m 1929 

Both internists and suigeons have hesitated to advise ileostomy since so 
doing, in the past, has accepted a peimanent fistula of the small intestine 
Those not familiar with the management of ileostomy in these cases frequently 
consider it an intolerable situation, and one that is inconsistent wath produc- 
tive activity That this is not the case has now been established ^ Neveithe- 
less, if an ileostomy could subsequently be disconnected with safet}' and ivith- 
out serious recuirence of the disease, this would constitute an impoitant 
foiward step It should be emphasized, however, that an attempt to lestore 
intestinal continuity by anastomosis of the pioximal ileum to a poition of the 
* Read before the American Surgical Association, Cleveland, Ohio, April 6-8, 1942 
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laige intestine involved with ulcerative colitis, either in the infective oi healed 
state, should be condemned In one of Doctoi Lahey’s eaily cases in whom 
a satisfactoiy i emission was obtained but lectal stiictuie lesulted, ileostomy 
was taken down elsewhere, anastomosing the ileum to the sigmoid colon, 
against his advice An operative death followed because of peiitonitis Even 
though obstiuction is not piesent, the anastomosis utilizing involved colon is 
almost ceitam to leak 

We ha^e pieviousl} stated in a numbei of communications^ that once an 
ileostomy is accepted it must always be maintained There aie additional 
reasons why we pieviously consideied an ileostomy as peimanent In our 
eai her cases it w as pei foi med only m the complicated, advanced cases, usually 
with marked cicatiicial changes in the colon Furtheimoie, as soon as the 
ileostoni}’- is made an even furthei conti action of the colon occurs fiom dis- 
use With clinical i emission and healing of the colon as the lesult of ileostomy, 
conti action is inevitable For this leason w^e do not believe there can be 
any appieciable change in the policy regarding ileostomy foi advanced cases 
As pieviously stated, theie has been no clinical trial of disconnecting ileos- 
tomies in adults Foi this leason we decided to take favoiable cases in which 
ileostomy w^as definitely indicated, and if satisfactoiy i espouse w'as obtained, 
disengage the ileostomy Aftei demonstrating this in favoiable cases (Cases 
1-5), less favoiable and unfavorable cases weie then tiied (Cases 6-9), but 
no anastomoses of the involved colon have been peifoimed 

INDICATIONS FOR ILEOSTOMY 

In 01 del to be able to review critically cases in wdiich ileostomies have 
been taken dowm, it is necessaiy to outline oui indications for ileostomy in 
ulceiative colitis, since obviously if ileostomy were selected for mild cases, 
closuie could be employed with fair fiequency In these, howfevei, medical 
treatment is usually satisfactoiy The indications for ileostomy m our clinic 
aie as follow^s (i) Acute fulminating cases, eithei in a fiist attack 01 with 
lecuirent acute attacks, (2) medical failuies, including those patients who 
are incapacitated, (3) massive hemoirhage, (4) subacute pei foi ations, ab- 
scesses, peiitonitis 01 fistulas, (5) obstruction, and (6) polyposis including 
those cases with possible malignancy 

SELECTION OF CASES FOR CLOSURE 

We have used three means m selecting cases for closuie of ileostomy 
( I ) We have felt that a clinical remission of symptoms should be maintained 
foi an appieciable peiiod (2) The inflanimatoiy piocess must be shown to 
have healed and be inactive, as observed by sigmoidoscopic examinations 
The mucosal surface may still be granular or scaired and may even bleed 
somewhat on manipulation with a swab, yet any evidence of active infection 
eliminates the case from closure (3) The colon must be showm to be dis- 
tensible by means of a barium enema or double contrast air enema (Figs 
I and 2 ) Some haustral markings should still be demonsti able, at least m 
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Fig I 



Tic 2 


Fig I — Case 2 a The full barium enema taken Noaember 10, 193S six ueeks 
after ileostomy The sigmoid, rectosigmoid, and right colon distend readilj The re 
mainder of the colon is narrowed but with suggestion of haustral markings This is 
chiefly the contracture of disuse as a result of ileostomy 

b The empty film shows excessive emptying and spasm, with some irregularity of 
the mucosa The sigmoidoscopic examination was iiegatiae at this time This is a 
favorable situation for closure of ileostomy 

Fig 2 — Case 2 a and b The full and empta barium enema taken February 23, 
i939> three months after closure of ileostomy Full distensibility and flexibility are 
demonstrated The ileocecal yalve is incompetent 


the film taken after evacuation of the enema Haustial markings may be 
absent in the full enema An adequate lumen and absence of any local areas 
of obstruction must be demonstrated The mucosal pattern should not show 
pseudopolyposis or too irregular an outline The following case report will 
well illustrate the type of serious case of ulceiative colitis m which closure 
has been earned out (Case 4) 

Case Report — This patient, a man, age 25, first came to the clinic on February 19, 
I934i to be examined for possible heart trouble He was found to have a small, right, 
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indirect inguinal hernia No heart disease was found In August, 1934, he reported that 
he was getting along well except that the henna was laiger He returned to the clinic 
in July, 1937, because of difficulty in swallowing At this time, a complete gastro- 
enteiologic study was earned out, and a diagnosis made of cardiospasm and nervous 
exhaustion Complete examination of the blood, the Hinton test, gastric analysis, fluoro- 
scopy of the stomach, gallbladder test and barium enema were all negative There was 
no evidence of ulcerative colitis on roentgen examination after a barium enema 

In January, 1940, the patient had severe low abdominal pain, rectal bleeding and 
fe\er Three weeks before his admission to the hospital hemorrhoidectomy was per- 
foimed, following which he had seveie intestinal ciamps and passed many liquid, bloodv 
stools daily He had been on a strictly limited diet, chiefly of carbohydrates, for seven 
months The diagnosis was ulceiative colitis, thrush, and avitaminosis Agglutination 
tests for undulant fever and dysentery w'ere negative The Widal reaction for typhoid 
and paratyphoid disease was negative Stool cultures on repeated occasions show'ed a 
laige amount of yeast, B toll, Staphylococcus autcus, and stieptococci An ischiorectal 
abscess w'as piesent, and this w^as diained the following day The culture from the pus 
show'ed StaphyloLOcens autcus and B colt He continued to pass a large amount of pus 
and blood by rectum Multiple skin fui uncles and ulcers of his mouth developed The 
high fever persisted , tliree blood cultures w'ere negative He w'as considered too ill to 
examine bj means of a baiium enema Pioctoscopy show'ed the typical findings of 
acute ulcerative colitis Treatment wuth sulfathiazole did not alter his fever or symptoms 
Ileostomy w’as pei formed Febiuary 7, 1940, without abdominal exploration An 
immediate decompiession of the ileum w'as effected The patient received a blood trans- 
fusion on that da}^ on March ii, and on Maich 16 Pam developed in the right lower 
quadrant, follow'ed by the pioduction of an abscess, and later a pelvic abscess developed, 
wdiich ruptuied spontaneously into the bow'el On May 29, a roentgenogram of his 
colon shouted little change in the bow'el except in the rectal legion After another blood 
transfusion he w’as dischaiged from the hospital in greatly improved condition on July 
19, four and one-half months after admission 

The patient w'as reexamined on October 19, 1940, at which time there was a sinus 
around the ileostomy On proctoscopic examination there seemed to be adequate sphincter 
control , the mucosa was entirely normal There w^as no discharging pus A barium 
enema showed good flexibility The mucosal pattern was found to be within normal 
limits throughout (Fig 3) 

On Octobei 31, the ileostomy was lesected, draining a small chronic abscess of the 
abdominal wall, and a side-to-side anastomosis of the terminal ileum was performed 
Sulfanilamide pow^der was placed m the wound and the peritoneal cavity The colon 
appeared to be wathm normal limits There were congenital polyps of the distal small 
intestine 

On December 20, 1940, after a barium and air enema, roentgenologic examination 
W'as negative (Fig 4) On November 10, 1941, more than a year after operation, the 
patient w'eighed 176^ pounds, was w'ell, and had no bleeding Rectal and proctoscopic 
examinations gave negative results He had one formed stool a day The abdominal 
w'ound was firmly healed 

In January, 1942, while working in an airplane factory, the patient was badly burned 
about the face, hands, and shoulders m an explosion, but he made a good recovery 
March 25, 1942, he had recovered without recurrence of the ulcerative colitis 

CLINICAL DATA 

We have closed the ileostomy m nine patients The first patient was a 
boy II years of age whose ileostomy was closed in 1935 (Case i) He had a 
mild lecurrence the third week after closuie but has been quite well since, foi 
a period of ovei six yeais Our second case was a man, age 38 (Case 2), 
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Tig 3 



Tic 4 

Tig 3 — Case 4 a and b The full and emptj barium enema taken October is 
1940 eight months after ileostom> The findings suggest complete healing uitli the 
contracture of disuse due to ileostomj The proctoscopic examination uas negatue at 
this time 

Tig 4 — Case 4 a and b The full and emptj barium enema taken December 20 
1940 approximately two months after closure of ileostomy Except foi i more rapid 
emptying time and spasm, the findings approach those of a normal colon 


With a veiy acute, fulminating form of ulceiative colitis as a fiist attack His 
ileostomy was closed m Novembei, 1938 He was well foi two yeais and 
three months, and then had a moderate recuirence at the time of an acute 
upper lespiratoiy infection Since that peiiod when he had medical tieat- 
ment he has been well Dm mg 1939, 1940, and 1941, seven additional cases 
have been closed During this period of thiee years, 50 ileostomies were 
performed, with five deaths, an opeia^ive mortality of 10 per cent In the 
group of 45 patients who survived the opeiation of ileostomy, seven have 
been closed, or 15 5 per cent of those surviving opeiation and 14 per cent 
of all ileostomies during this peiiod Twelve patients still have their ileostomy 
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and aie being earned along under medical observation Some of these are 
being followed with the expectation that then ileostomies may be closed 
In our group of nine patients, there was one child of ii, who was the 
youngest of the gi oup , the oldest was 56 The ages of the remainder were 
19, 20, 21, 26, 31, 38, and 44 The ages of these patients agiee with the 
general age-gioup of patients suffeiing with ulceiative colitis, those of a 
young adult gi oup Seven patients were men and two wei e women I think 
without question that the laige group of males is paitly due to insistence on 
their pait that the closnie be done so that they could letuin to work without 
ileostomy, since the sex distribution of oui cases of ulceiative colitis is 
about even 
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Tabi-e I 
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ment 
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Ileostomy 

Colon 

Closure 

Present 

Result 

I 

II 

M 

S mos 

I mo 

Med failure 

11/ 7/34 

Favor- 

able 

8/13/3S 

9 mos 

Well (mild recurrence 3 
wLs after closure) 

2 

38 

M 

S mos 

7 days 

Med failure 

8/23/38 

Favor- 

able 

11/22/38 

3 mos 

Well (mild recurrence 
February, 1941) 

3 

21 

r 

2 mos 

3 days 

Hemorrhage 

r/26/39 

Fa\or 

able 

6/21/39 

5 mos 

Very well 

4 

31 

M 

3 utvS 

7 days 

Acute fulmi- 
nating, 
abscesses, 
fistula 

2/ 7/40 

Fasor- 

able 

10/31/40 

8 mos 

Well 

S 

s6 

M 

S uks 

18 days 

Med failure 

S/17/40 

Favor- 

able 

11/26/40 

6 mos 

Well (recurrence, 

October, 1941) 

6 

44 

M 

4 mos 

36 days 

Abscess, 

fistula 

12/ 2/40 

Unfav 
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5/16/41 

5 mos 

Improved but several 
stools dally 

7 

20 

F 

3 yrs 

21 mos 

Med failure 

1/10/39 

Unfa\ - 
orable 

5/26/41 

28 mos 

Failure from obstruction, 
malnutrition, nevi lie 
ostomy 3/ 24/42 

8 

19 

M 

3 mos 

I mo 

Generalized 

peritonitis 

4/ 9/40 

Unfav- 

orable 

10/28/41 

18 mos 

Improved but many stools 
daily 

9 

26 

M 

6 yrs 

3 mos 

Reg ileitis, 
recurrent 

9/1 1/40 

Unfav 

orable 

11/ 8/41 

14 mos 

Failure from colitis, new 
ileostomy 2/9/42 


acute 


Only one of our nine patients had had ulceiative colitis for undei one 
month This was an acute case that had had ulcei ative colitis foi three weeks 
and been under treatment for seven days Many patients with the acute, 
fulminating foim die from then disease even though ileostomy is accepted 
early Six of the patients had had then disease one to six months They 
represent a gi oup of serious cases and yet have not had their disease so long 
that the colon had been unaltei ably changed One patient had had ulcerative 
colitis foi tliiee years and was a definite failuie after closure, as was the 
patient who had had ulcerative colitis for six yeais 

A consideration of the indications for ileostomy m this gioup of nine 
patients is of mteiest Refeinng to our gioup of indications for ileostomy 
we find that ileostomy vas elected for the following leasons (i) Acute, 
fulminating, one, (2) medical failure, four, (3) heniorihage, one, (4) infec- 
tion, two, (5) obstruction, one, and (6) polyposis 01 malignancy, none 
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In addition to detei mining the duration of the ulcerative colitis, it is 
important m this gi oup of cases to know the duration of the medical treatment, 
which was as follows One to seven days, thiee, one to foui weeks, three, 
one to three months, two , 21 months, one The latter case was a failure 
As we first considered the possibility of closuie of ileostomy, we felt that 
a long period of time should elapse before considering closure These patients 
had then ileostomy from thiee to 28 months, the latter one being a failure 
Foul patients had ileostomy foi six months 01 less, two patients had ileostomy 
foi SIX to 12 months, while one each had then ileostomy foi 14 months, 
18 months and 28 months The patients having ileostomy foi 14 months 
and 28 months weie faihiies, while the one having it for 18 months was 
unimproved after closuie 



Tig s — Case 8 a The full barium enema taken i8 months after ileostomj There 
IS foreshortening of the colon with both flexures drawn downward with little flexibilitv 
or distensibility The mucosal outline is irregular 

b The empty film shows rapid emptying of the distal half of the colon with re 
tention of barium in the proximal colon This is an unfuorable case for closure 

RESULTS 

There was no operative mortality m this gioup The fact that restoration 
of then intestinal tract was accomplished by anastomosing noimal ileum and 
not any pait of the bowel involved with ulceiative colitis is, we believe, respon- 
sible for the fact that these cases were closed without complications or 
mortality 

The results of ileostomy in this gioup of seriously ill patients were good 
In other words, clinical remission was obtained or the symptoms for which 
ileostomy was elected, were relieved m all nine patients However, when 
the ileostomies were disconnected, the results were by no means as satisfac- 
tory Two patients have had complete relief of their disease One of these 
was a patient who was operated upon for hemorrhage (Case 3), and the other 
was a patient who had pelvic peritonitis fiom a subacute perfoiation (Case 
4) Three patients had a mild recurience on one occasion and with further 
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Fig 6 



Fig 7 

Fig 6 — Case 9 a and b The full and enipt> banum enema taken July i, 1940, 
after a modified Mikulicz resection of the ileum and a portion of the right colon for 
regional ileitis There is no evidence of ulceratiie colitis at this time 

Fig 7 — Case 9 a and b The full and empt> enema taken October 5, 1941, 13 
months after ileostom> There is marked contraction, foreshortening, irregular mucosal 
outline, and rapid empt>ing This is an unfavorable case for closure and required a 
second ileostom> 

medical tieatment have remained well (Cases i, 2 and 5) We consider 
these five patients to have a satisfactory result Two patients have con- 
tinuing bowel symptoms without recurrence of fever, but are able to work 
(Cases 6 and 8) Both of these patients should be consideied to be unim- 
proved so fai as ileostomy closure goes Probably ileostomy was responsible 
for obtaining their clinical 1 emission, but because of cicatricial changes m 
the colon (Fig 5), they have mild, obstiuctive symptoms or have frequent 
bowel movements daily. Tavo patients had complete failures and have had 
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a new ileostomy performed One of these had had the disease foi three yeai s, 
and the ileostomy was kept open for 28 months (Case 7) The other patient 
had had trouble for six yeais, and the ileostomy was kept open for 14 months 
(Case 9) One failed because of definite obstruction and malnutrition, with- 
out evidence of active infection, while the othei failed because of definite 
recurrence of ulcerative colitis 

A consideration of these cases demonstrates cleaily that the best results 
can be anticipated m those patients in whom ileostomy has been done rela- 
tively earl)’-, since the favorable results in this group of nine patients were 
clearly in a group of cases m which early ileostomy was decided upon A 
patient, recently operated upon, demonstrates this quite veil She had been 
observed for a period of two years, during which time she has had two long 
periods of medical treatment in the hospital The barium enema at the time 
of the initial treatment (Fig 8 a) shows an enlarged, dilated colon, with a 
smooth outline After evacuation of the enema, spasm and contraction were 
seen in the distal half of the colon, with satisfactory haustial markings in the 
proximal two-thirds of the colon (Fig S b) Two years later, when she had 
very unsatisfactoiy results from medical tieatment, the barium enema showed 
marked contraction and foreshortening of the colon, with both splenic and 
hepatic flexures diawm downw’aid There were no haustial markings either 
before or after the enema and the mucosal pattern was definitely 11 regular 
(Fig 9 a and b) Since w’e did not elect ileostomy tw’O years ago, w’e have 
lost any chance of restoring continuity in this patient Ileostomy w'as per- 
formed March 24, 1942 There will be fuithei contraction to produce the 
typical “lead-pipe colon” m this patient wnthin three to six months after 
ileostom)'- If she still continues to have symptoms, total colectomy will be 
necessary The clinical story and roentgenograms in this patient demonstrate 
clearly our reasons for recommending early ileostomy in serious cases of 
ulcerative colitis 

Any patient who is not doing w'ell on medical treatment, continuing to 
lose weight, run fever, and with excessive stools, should have ileostomy 
Patients with the acute, fulminating form of the disease wdio do not respond 
to medical management within the first five to seven days should have ileos- 
tomy In the acute, fulminating cases ileostomy should be done m all of 
them whether it is the first attack or a recurrent acute attack, unless they 
have a rapid response to treatment In oui group of nine patients, closure 
of ileostomy was possible in patients wdio w’eie done as recommended We 
believe in spite of a limited experience that definite evidence has been pre- 
sented to show that closure of ileostomy can be done in specially selected 
cases where ileostomy has been done reasonably early Approximately 25 
per cent of all cases of ulcerative colitis wall require surgical treatment 
Closure seems possible in approximately 10 per cent of operated cases If 
the indications for ileostomy are extended and if ileostomy is decided upon 
earlier, this figure may be increased 
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them unsatisfactory, and two were complete failures, and a second ileostomy 
was required There were no operative deaths 

Early ileostomy for patients with seiious ulceiative colitis is recom- 
mended when medical treatment fails, in older to obtain the eaihest possible 
remission before nreveisible structural changes m the colon occui It is in 
this gioup that later closure of the ileostomy can he consideied 
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Discussion — Dr HeNR\ W Cave (New York) To condemn an individual 
particularly the young to permanent ileostomy is a serious decision We all recognize 
that the mortality after ileostomy is approximately 20 per cent due to the fact that 
both the physician and the gastro-entcrologist knowing the disease to be a cyclically 
recurring one with phases of convalescence and quiescence hope for a remission Thus 
they watt and wait until the call for emergency surgery in desperately ill patients is 
sent out after hemorrhage septic fever dehydration and total lack of any type of re- 
sistance to infection have taken their toll 

Doctor Cattell no doubt realizing the profound morbidity of this disease and the 
discomfiture of an abdominal fecal fistula is convincing I feel, in his presentation that 
early ileostomy is justified and that in selected cases the deal stoma can be taken down 
and fecal continuity restored 

We must be cautious in advising early ileostomy only when it ,s beyond question 
that the patient is suffering from a true ulcerative colitis, as we know it and not from 
amoebic or bacillary dysentery, or milder form of colitis which is amenable to medical 
management 

To obtain ‘‘the earliest possible remission before irreversible changes have taken 
place’ in severe ulcerative colitis the earlier the ileostomy the greater the chance of com- 
plete permanent restoration of the fecal stream 

Doctor Cattell has been fortunate in having turned over to him six of the nine 
patients (whom he closed later) with the disease existing for a period not longer than 
SIX months I have had no such luck All of the 45 patients to whom I have given 
an ileostomy except three (who had massive hemorrhages and who were of the acute, 
fulminating group and who died after ileostomy) , had irreversible changes before I 
had been given the opportunity of diverting the fecal flow I believe that he is right 
without question when he states that an attempt to restore intestinal continuity by 
anastomosis of the proximal ileum to a portion of the large intestine involved with 
ulcerative colitis either in the infective, infectious or healed stage should be condemned 
Also, I am in complete agreement with his ‘ policy regarding permanent irrevocable 
ileostomy for advanced cases ” 

I am not in accord with all of Doctor Cattell’s indications for ileostomy in ulcera- 
tive colitis — particularly in reference to massive hemorrhage We have had a 50 per cent 
mortality where we have given ileostomy to patients in the acute fulminating stage 
accompanied by massive hemorrhage It is my opinion, that the mortality can be 
lowered considerably if by the use of papaverin hydrochloride belladonna and repeated 
transfusions they can be carried through this desperate stage of hemorrhage and converted 
into a more chronic form 

To me. It IS of especial interest to learn of Doctor Cattell s criteria for selection of 
cases for closure of ileostomy The first, a clinical remission of symptoms following 
ileostomy, and that accompanying medical treatment should be maintained for an ap- 
preciable period By this appreciable period, I assume he means from six to eight months 
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or even longer, and I should like to ask Doctor Cattcll if be has used cither sulfalylguanidine 
or sulfasucidme in irrigating out the colon or has given orally the other sulflylonamidcs 
during this waiting period Secondly, that the inflammatory process must be shown 
to have healed and to be inactive, as observed by sigmoidoscopic examination I have 
found It difficult to determine accurately how inactive the process is by the use of the 
sigmoidoscope So many patients seem to be in the quiescent stage and yet the slightest 
irritation from the insertion of the sigmoidoscope will produce bleeding, and a granular 
mucosal surface will exist indefinitely Thirdly, the distcnsibility of the colon by means 
of a barium enema or double contrast air enema, and also that the haustral markings 
should be demonstrable ‘‘at least in the film taken after evacuation of the enema ” To 
me, the presence of haustral markings in the entire colon after evacuation of the enema 
would indicate a reasonably favorable and successful closure Needless to say, as he has 
stated ‘that if the mucosal pattern shows a pseudopolyposis or a too regular outline, 
closure would be out of the question ” He states that one of the scries of nine patients 
who bad the disease for three years was a definite failure after closure and, also, he states 
that another patient, ill for six years, proved a failure after closure It seems to me that 
these two failures should have been expected 

The duration of the medical management before operation was short, ‘ one to 
seven days, three one to four weeks, three, one to three months, two, 21 months, one” 
Ninety per cent of the patients in my own senes have been treated for a much longer 
period There was no operative mortality m this group of nine that he closed May I 
ask what type of ileostomy was carried out^ Was it divided or end-ileostomy, or was 
It a loop-ileostomy ^ It would seem to me that, particularly in the acute fulminating 
type, of which he had one, and of the massive hcmoirhage type, of which he had one, 
that loop-ileostomy would be less hazardous 

In all nine of the patients ileostomy showed a clinical remission of the disease "but 
when the ileostomy was disconnected the results were by no means as satisfactory ” Two 
of the patients were complete failures and had to have new ileostomies performed Even 
with these failures I believe that to have had five of the nine patients with satisfactory 
results justified the procedure of early ileostomy and subsequent closure of the opening 
I wish to congratulate Doctor Cattell m his fine presentation, for I am sure it is a 
step forward in the treatment of this devastating disease Ileostomy, at its best, is as- 
suredly undesirable, and any method, program or maneuver that can eliminate it, is to 
be commended 

Dr William E Ladd (Boston, Mass ) I am a little bit m the position that 
Doctor Oughterson put Doctor Harvey in yesterday, because Doctor Gross is looking 
up our data at the Children's Hospital on ulcerative colitis, but I have not been permitted 
to sec them yet so I do not have all the data at hand 

I think we have not felt justified in undertaking an ileostomy quite as early as 
Doctor Cattell has In children it is, I think fairly difficult to group the cases into 
the ones that may possibly recover as the result of prolonged medical treatment and the 
cases that will never recover as a result of prolonged medical treatment So we have not 
felt quite justified in performing ileostomy as early as some of Doctor Cattcll’s cases 
However, I think we have established them perhaps earlier than some others have 

We have had seven cases which we have closed after leaving the ileostomy function- 
ing for quite a long period of time, I think a good deal longer period of time than 
Doctor Cattcll has used I do not think we have closed any prior to the ileostomy having 
functioned for at least two years I think that these seven cases that have been closed 
have all remained well I know that in one case I closed 12 years ago, I had a letter 
from the patient two or three weeks ago, saying that she was perfectly well and asking 
whether we thought it was advisable for her to get married having had her previous 
history I advised her to get married, and I presume she has 

There is one unfortunate case which we had that I think perhaps is quite as im- 
portant as the clinical observation on the cases that we have closed This case was a 
boy of about six, who had an ileostomy, which had been open for about two years 
I had examined him by the sigmoidoscope and I thought he was a suitable case for 
closure, and I had made an appointment for him to come into the hospital to have it 
undertaken In the interim he developed a volvulus from which he died We had a 
postmortem examination, and a very careful examination of the colon showed it to 
be completely healed It seems to me that this is really a very important piece of data 
Now I think there may be some of you who are not familiar with the fact that this 
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disease occurs m very early life at times Wc have had three cases in the first six months 
of life Of these, one had an ileostomy which was closed, and I think that was about 
three years ago That child is quite all right One has had an ileostomy, and on fre- 
quent examinations we have not felt justified in closing it, as there is still evidence of 
the disease persisting in the colon The third was kept on our medical ward and was 
not correctly diagnosed by our medical colleagues, and died The postmortem examina- 
tion showed a typical ulcerative colitis with perforation, and death from peritonitis 

Dr Frank K Boland (Atlanta Ga ) I would not rise again, except for the 
reference which was made to what I said about ulcerative colitis in the Negro 

It IS true that the colored race had very few cases of this condition As a matter 
of fact, I have seen only two or three in a long period of time But I am familiar with 
two cases of ulcerative colitis which apparently were cured by one of the sulfonamide 
drugs, called by our friend. Doctor Gage sulfa-cure-all drugs ’ That seems to be a 
good name I did not think that was so important but when I heard from one of 
the most eminent colon surgeons in our country that the use of these drugs had almost 
eliminated the necessity for operation I felt that something new was here and that is 
the reason it was mentioned in the paper 

I would like to say in this connection a word about these drugs I think there 
are two things which should be considered in evaluating a drug or any procedure and 
that is not only the number of cases in which you have used it but also the length of 
time which has elapsed since the procedure came into use 

For instance, you all recall how enthusiastic wc were in World War I about the 
use of the Carrel-Dakin treatment Wc thought that was fine, and it did seem to be 
fine But I heard some gentlemen recently who had treated and seen some of the patients 
at San Francisco who had come from Pearl Harbor, tell the valuable wonderful results 
of sulfathiazole treatment of wounds Several of them seemed to think Wc will not 
have to use that Carrcl-Dakin treatment any longer I hope they will not be saying 
that 2 0 years from now about the wonderful drugs wc seem to have to-day 

Our President is very fond of telling a story to drive home a point and I have a 
little story I think illustrates the error of drawing conclusions from too small a senes 
of cases In the days of typhoid fever when wc had perforations and hemorrhage a 
young physician had in the ward an Irishman who was in a very low state of typhoid 
fever, and it seemed that he was going to die As you remember the patient with typhoid 
fever was not fed anything in those days This Irishman was very hungry Seeing a 
big plate of cabbage on the table between him and another patient he reached over and 
took it and ate all the cabbage The young doctor knew his patient was gone but 
strange to say the patient immediately got well 

A little later the same young physician had a Swede in the ward with typhoid 
fever, and he reached about the same condition the Irishman had been in Remembering 
the luck he had had with the Irishman s eating cabbage, he gave this Swede some cab- 
bage and the Swede immediately died 

Then the young doctor wrote a paper on the use of cabbage in the treatment of 
typhoid fever, and his conclusions were that cabbage in typhoid in an Irishman was a 
wonderful thing but in a Swede it was not worth a damn 

Dr Richard B CaTTELL (closing) I appreciate the discussion including Doctor 
Boland s reply I think I might comment on it first and say that I think his caution 
avith regard to any interpretation of results in a small series of cases such as this certainly 
must be approached with great prudence 

Dr Cave raised the question with regard to hemorrhage and how serious these cases 
are We feel that only ileostomy offers any possible prospect of surgical help in these cases 
We have employed actual irrigations with sulfonamides in only a few We have used 
sulfanylguanidine and other sulfonamides by mouth and our results chiefly done under 
Doctor Kiefer s direction have not been as satisfactory as many that have been reported 
With regard to the other question of Doctor Cave as to the type of ileostomy, 
we have established a divided ileostomy in all of these cases 

In the text of my paper you will find the reference to Doctor Ladd s and Doctor 
Gross s series of closures in seven children I was familiar with this work and I think that 
It was largely instrumental in encouraging us to try this in adults I think Doctor Ladd s 
results are better than our own I believe that one of the reasons why the percentage 
of our number of recurrences is high is because we tried it in bad as well as in good cases 
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A SURVEY of the liteiatuie and of expeuences with the management of 
chveiticulitis of the colon at the Massachusetts Geneial Hospital during the 
past 15 yeais indicates that this is a compai atively laie disease It is the 
lesult of inflammation m and about outpocketings fiom the bowel These 
most fiequently appeal to consist of mucosal pouches which piotiude thiougli 
the musculaiis, piesumably the lesult of piessuie fiom within, piobably acting 
in conjunction with some congenital defect in the musculai layer (Mayo, 
Wilson, and Giiffin [1907]) This condition, known as chveiticulosis, is 
raie, for Rankin and Biown (1930) found evidence of it m 03 pei cent of 
765,795 patients subjected to loentgeiiologic examination Time is appaiently 
an impoitant factor, foi if the age of the patient is taken into consideiation, 
It would appear that appioximately 5 pei cent of peojde who aie age 40 01 
over will have diveiticulosis (Blown [1939]) It is not suipnsing, theie- 
foie, to find that diveiticuhtis is laie in the younger age-gioups It begins 
to make its appearance 111 the fouith decade of life and is maximal in the sixth 
(Table I) It is also apparent that males aie affected moie commonly than 

Tabll I 

DIVI RTlCUUTIb 
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20-29 

I 

30-39 

24 

40-49 

86 

SO -59 

I 3 t 

60-O9 

los 

70-79 

19 

80-89 

3 

Total 

369 


= 1 ' GrTh-im (1937) Brown (1939) Egpers (1941) and M G H 0942 ) 


females, the ratio being i 6 to i This is paiticulaily ajipaient in those patients 
who develop spontaneous bladdei fistulae, wheie the latio of males to females 
increases to 8 5 to i (Table VI) 

The distribution of diverticula 111 the colon is of iiiteiest, as this has a 
bearing upon suigical complications It is apparent that the sigmoid is in- 
volved moie frequently than any other segment of the laige bowel and the 
rectum least frequently The sigmoid contains diverticula in 75 per cent of 
cases,! and the 1 ectum m 2 4 per cent Between the sigmoid and the cecum, 

Read before the American Surgical Association, Cleveland, Ohio, April 6-8, 1942 
t Spriggs and Marxer (1927), and Brown and Marclej (1937) 
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the incidence of diveiticula in the various segments of the colon deci eases 
steadily All segments of the bowel aie occasionally involved (14 4 per cent) 
One might, theiefoie, expect that, on the law of chances, surgical complica- 
tions would occui most fiequently in the sigmoid This appears to he the 
case, in fact, they larely occui in any othei segment During the 15-year 
period, m which the 64 cases included m this leport were operated upon for 
diverticulitis of the sigmoid, there were only two othei cases subjected to 
surgeiy foi complications of diveiticula m othei portions ot the colon One 
involved the cecum, and the othei the ascending colon In the latter instance, 
actinomycosis was also piesent D F Jones (1930) stated that he had seen 
but one surgical complication of diveiticulosis above the upper end of the 
sigmoid and that was in the cecum This indicates that other factors which 
affect the sigmoid m paiticulai, such as a nariow lumen, stasis, and solid 
fecal material may be important 

The sigmoid is also the most fiequent site of caicinoma of the colon 
Allen and Welch (1939) found that m a senes of 634 caicinomata of the large 
bowel, not including the lectum, the lesion was situated in the sigmoid in 
53 9 P^r cent This probably is the leason why there is an association between 
diverticulitis and cancel, lather than that the foimei favors the occui rence of 
the latter This appeals to be the conclusion of most who have commented 
upon this mattei in the moie recent hteiatuie, Abel (1935), Brown and 
Marcley (1937) Ceitain statistical data also suppoits this viewpoint, as 
Rankin and Blown (1930) found diveiticula associated with cancer in only 
four of 679 caicinomata of the bowel, an incidence of o 6 per cent, and cancer 
associated with diveiticuhtis m four of 227 cases, an incidence of i 8 per cent 
The lattei figure is lowei than that lepoited by Eggeis (1941), who found the 
incidence to be 6 i pei cent On the othei hand, this figure was less than the 
incidence of carcinoma of the sigmoid detected m a series of 428 consecutive 
baiium enemata, which Eggeis (1941) found to be 7 2 per cent In this same 
senes of loentgenologic examinations, the incidence of diverticulitis was 42 
per cent 

The diffeiential diagnosis between diveiticuhtis and cancer has been a 
topic for some discussion, paiticulai ly with regaid to bleeding as a symptom 
and the value of loentgenogiams as a diagnostic aid Consideiable evidence 
IS available upon the foimer question, and indicates that a history of bleeding 
was present in 15 7 per cent of 568 patients'^ known to have diveiticuhtis Of 
309 casesf known to have diverticulitis in which the incidence of cancer and 
bleeding wei e both recorded, the incidence of cancel was 2 9 per cent, and of 
bleeding 16 5 pei cent With legaid to the value of the loentgen lay m diffei- 
entiating between the two lesions, Schatzki (1940) stated that the diffeiential 
diagnosis is easy in most, difficult in some, and impossible m a few cases Be- 
cause of the fact that the symptoms, the signs, the age of the patient, the area 

* Judd and Pollock (1924), Spriggs and Marxer (1927), Rankin and Biown (1930), 
Ochsner and Bargen (1935), Eggers (1941). and M G H (1942) 

t Rankin and Brown (1930), and Eggers (1941) 
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of the bowel involved, the loentgenologic findings, and the gross appearance 
of the lesion at opeiation may be quite similar, it seems cleai that excision of 
the involved segment of the bowel is the only ceitam answei to this question 
This was the reason foi resection of the sigmoid in eight (24 2 pei cent) of 
the 33 cases included in this lepoit No case m which cancel and diverticulitis 
wei e associated in the same segment of the bowel is included in this series In 
one case, a small, low, nonobstructing caicmoma of the rectum was piesent, 
and IS included because it was felt that it had no obvious connection with the 
peifoiated sigmoid with abscess foimation Benign polypi weie found m two 
of the 33 resected specimens 

The question arises as to how frequently patients with diveiticulosis of the 
sigmoid develop divei ticulitis Some statistical data beaiing upon this point 
indicates that roentgenologic evidence of diveiticulitis was piesent in 25 1 per 
cent of 2,400 cases’* having diveiticulosis Blown (i 939 ) believes that as 
many patients with diverticulosis piobably have mild attacks of diverticulitis 
and are not loentgenogiaphed, that a more likely estimate would be 10 per cent 
It IS likewise impossible to estimate accuiately the niimbei of patients with 
diverticulitis who lequiie suigical mteivention Fiom lepoits in the literature 
dealing with both the medical and suigical management of this lesion, it was 
found that 28 5 pei cent of 1,332 casesf coming undei obseivation weie oper- 
ated upon foi one reason 01 anothei Heie again, this figme is piobably too 
high and it would seem moie likely that about 10 per cent of all cases of 
diveiticulitis require opeiation This is m keeping with the experiences of 
Blown and Maicley (1937) with the medical management of this disease, 111 
which they state that the results were found to be satisfactoiy m 63 per cent 
of then cases and adequate m thiee-quaiters of the lemaming 37 per cent, 
which implies an unmanageable situation in 9 3 per cent of patients with diver- 
ticulitis During the 15-year period which this lepoit coveis, our onn expeu- 
ence indicates that of all patients hospitalized foi diveiticulitis, 64 (192 per 
cent) weie treated surgically and 269 (80 8 pei cent) weie treated medically 
Undoubtedly, there were many more cases treated medically without hos- 
pitalization To summaiize this mattei biiefly, it would appear that about 
5 per cent of people over 40 years of age have diverticulosis Graham (1937) 
has estimated that this means about 12 in 250 patients ovei 40 will have di- 
veiticulosis and one m 250 will have diverticulitis If we assume that one 
in ten cases wnth diveiticulitis will require operation, this means that a suigical 
pioblem will arise in approximately one in 2,500 people over 40 years of age 
It is apparent that the experience of most surgeons with this disease cannot 
be gieat, and it is not surpiising that the liteiature dealing with the results of 
various operations is not extensive 

♦Rankm and Brown (1930), and Brown and Marclej' (1937) 

t Spriggs and Marxer (i937)> Rankin and Brown (1930), Brown and klarde3 
(1937). Stetten and Abdof? (1938), Lockhart-klummery (1938), Eggers (1941), and 
M G H (1942) 
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No of Cases 

Perforation Per Cent 

(a) Incidence acute perforation 

545 

73 

13 4 

(b) Incidence abscess 

506 

60 

II 9 

(c) Spontaneous bladder fistula 

611 

80 

13 I 





38 4 

(d) Various other lesions 




Acute 1 

Subacute 1 




61 6 

Recurrent 1 
Chrome J 

1 nonperforated 



100 0 


* Judd and Pollock (1924) Rankin and Brown (i93o) Graham (1937) Brown and Marcley (1937) Lock- 
hart-Mummery (1938) Brown (1939) Enters (194G '“’<1 M G H (1942) 


It IS appal ent (Table II) that neailj' 40 ])ei cent of the patients who come 
to opeiation loi cliveiticulitis have eithei an acute peifoiation, an abscess, 01 
a spontaneous bladdei fistula The incidence of these thiee complications 
appeals to be about the same An occasional case may have fistulae into othei 
intestinal loops About 60 pei cent aie opeiated upon foi vai lous other lesions, 
largely nonpeifoiated or not obviously peifoiated In many instances, the 
pieoperative diagnosis is incoiiect, and was so in 29 (45 3 pei cent) of 0111 
64 cases Appendicitis, intestinal obstiuction, caicinoma, and pelvic tumois 
weie the mote common mistakes It is of mteiest that the symptoms in the 
majoiity of 156 cases' weie of shoit duration, less than a month in 25 pei cent, 
less than a yeai in 66 6 pei cent, and less than five yeais in 91 per cent This 
has been emphasized by Blown (1939) In 0111 senes, it 3vas found that the 
first attack was seveie and lequiied opeiation in 48 pei cent of the cases The 
implication is that m cases which come to opeiation the disease is unusually 
seveie or persistent 


Tabi n in 

MORT \I IT\ ST VTISTICS* 


(a) Acute perforation — principally drainage dbsuture 

No of Cases 

42 

Deaths 

10 

Per Cent 

23 7 

(b) Abscesses — incision and drainage 

43 

4 

9 

3 

(c) Bladder fistula — various operations 

S 3 

10 

18 

9 

(d) Various lesions — various operations not including resection 
but including colostomy 

173 

17 

9 

8 

(e) Various lesions — resection of sigmoid — ill technics 

181 

31 

17 

It 


♦Graham (1937) Brown and Marcley (i937) Lockhart Mummery (1938) Brown (1939) Eggers (1941), 
and M G H (1942) 

t Mortality o£ various types of resection (25 0-6 i per cent) 


The immediate moitality is vaiiable (Table III) and depends upon the 
natuie of the lesion and the type of opeiation peifoimed It cvas 23 7 pei cent 
for acute peifoiations, 9 3 pei cent toi abscesses and iS 9 pei cent foi bladder 
fistulae The moitality for vaiious operations including colostomy, appen- 
dicectomy, exploiatoiy celiotomy, cecostomjq and miscellaneous maneuvers 
for vaiious lesions cvas 98 pei cent The moitality foi lesection by all tech- 
nics for various lesions was 17 i pei cent This has been emphasized by 

♦Total of Brown (1939), and M G H (1942) 
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Laufman (1941) The mortality foi lesections by ceitain technics (Table IV) 
varied, and was ii 5 pei cent for Mikulicz resections, 17 3 pei cent for resec- 
tion with anastomosis following piehminary colostomy, 20 pei cent for ob- 
stiuctive resections, and 26 3 pei cent foi one-stage lesection with anastomosis 


Table IV 

RESECTION CERTAIN TECHNICS* 



Technics 


No 

of Cases 

Deaths 

Mortality 

(i) Mikulicz resection 

Later close colostomy 


61 

7 

II 5% 

(2) Preliminary colostomy Subsequent resection with anasto- 




mosis Later close colostomy 



S2 

9 

17 3% 

(3) Obstructive resection Later close colostomy 


20 

4 

20 0% 

(4) One stage resection 

With anastomosis 


19 

5 

26 3% 

Total 




IS 2 

25 

16 4% 

* Brown and Marcley (1937), Brown 

(1939) and M 

G H (1942) 






Tabie V 





LATE RESULTS — 

A’^AUIOUS LESIONS 







Subsequent 

Subsequent 






Death 

Death 



No of 

Living and 

Living 

from 

Other 



Cases 

Well 

Not Well 

Disease 

Cause 

Unknown 

(a) Various operations 

other 






than colostomy or resec- 






tion* 

98 

4S ( 439 %) 

33 (33 7%) 

8 (8 2%) 

8 (8 2%) 

4 ( 4 %) 

(b) Colostomy‘< 

78 

49 (62 8%) 

12 (IS 3%) 

7 (9%) 

8 (10 2%) 

2 (2 6%) 

(c) Close colostomy* 

36 

19 (S2 8%) 

14 (38 9%) 

3 (8 3%) 



(d) Resectionst 

109 

83 (76 1%) 

8 ( 7 4%) 

4 (3 7%) 

8 (7 4%) 

6 (S 4%) 


* Brown and Maroley (1937) Lockhart-Mummery (1938) Brown (1939) Eggers (1941) and M G H (1942) 

1 Lockhart-Mummery (1938) Brown (1939) and M G H (1942) 

The late lesults (Table V) and moitality following various opeiations, 
such as exploiatoiy celiotomy, appeiidicectomy, with oi without diamage, and 
miscellaneous opeiations, not including colostomy oi lesection foi vaiious 
lesions, including patients surviving suture and di amage of acute pei forations 
and diamage of abscesses, have been collected fiom the liteiatuie m 98 cases 
Of these, 45 9 pei cent ai e living and well, and 33 7 pei cent living and not 
well The late 1 esults of pi oximal colostomy ai e given foi 78 cases, of which 
62 8 pel cent aie living and well, and 15 3 pei cent living and not well These 
results appeal to be bettei as fai as lelief of symptoms are conceined, but the 
late moitality of the disease was not significantly alteied being 8 to 9 per cent 
in each gioup It is of inteiest to note that colostomies weie closed in 36 
cases This was unsuccessful m 47 2 pei cent of cases The late 1 esults of 
lesections of the sigmoid indicate that this is a moie effective form of tieat- 
ment Of 109 cases, 76 i pei cent weie well, 74 pei cent not well, and the 
late mortality fi om the disease was 3 7 pei cent 

One of the moie distressing complications is the bladder fistula (Table VI) 
This occui s pi imai ily m males and has already been commented upon Cei tain 
opeiations, paiticulaily diiect attempts to close the fistula have not met with 
much success Colostomy has been helpful, resection appeals to be more 
effective 
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BLADDER riSTULA 

No of 



Cases 

Males 

rcmales 


(a) Se t incidence 





Brown (l939) 

30 

27 

3 


M G H ( 1942 ) 

8 

7 

I* 



38 

34 

4 




or 8 S 

I 


(b) Sex incidence diverticulitis t 

53S 

333 

202 



or I 6 

I 

Subsequent 






Death 


No of 

Living and 


from 

fc) Late results miscellaneous operations 

Cases 

Well 

Not Well 

Disease 

Brown (i939) 

10 

0 

6 

4 

M G H ( 1942 ) 

1 

0 

I 

0 


lit 

0 

7 

4 

(d) Late results proximal colostomy 





Brown (i939) 

I 

I 

- 

— 

M G H ( 1942 ) 

4 

I 


I 


S 

2 

2 

I 

Ce) Late results resection sigmoid 





Brown (i939) 

12 

12 

- 


M G H ( 1942 ) 

3 

3 




IS 

15 

0 

0 


♦Previous total hysterectomy 

tJudd and Pollock (rgjj) Stetton and AbclofI (i 9 JS) Lockhart Mummery (I9J8) Brown (i939) and 
M G H ( 1942 ) 

JClose fistula five cases 

The immediate and late 1 esults of all operations, excepting resection, which 
weie performed m 42 cases of divei ticuhtis aie summarized in Table VII 
There v ere foui cases with acute perforation, nine with abscesses, three with 
bladder fistulae, and five with acute diverticulitis and early peiitonitis, simu- 
lating appendicitis The remaining 21 cases had various lesions wdiich w^eie 
less acute to chronic in natui e A mass w'as pi esent in all at operation These 
were nonperforated 01 not obviously peiforated lesions Laige bowel ob- 
struction was present in five Theie Avere tw'o deaths (48 per cent), both 
from general peritonitis, one following diamage of an abscess, and one fol- 
lowing suture and drainage of an acute perfoiation There w'ere 13 imme- 
diate complications Seven cases developed fecal fistulae, tw'O general peri- 
tonitis, in one, a bladder fistula recurred six days aftei closuie One case 
developed major wound sepsis with separation, and one developed small intes- 
tinal obstruction 

The late result is knowm in the 40 surviving cases Sixteen (40 pei cent) 
are classed as well Of these, six had pioximal colostomies, and one, an entero- 
enterostomy between the transverse colon and the sigmoid distal to the lesion 
The colostomy was closed m two cases The symptoms recurred in both No 
further surgery has as yet been necessary Of the remaining nine cases in 
this group, three have subsequently died of other causes, two years eight 
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Table VII 

VARIOUS OPERATIONS — G H (1942) — 42 CASES 
Excepting Rescdton — Arranged According to the Lesion 
Immediate Result Late Result 


Lesion 

No of 
Cases 

Operation 

Compli- 

cations 

Deaths 

No of 
Cases 

Living 

and 

Well’*' 

Not 

Welit 

Subse- 
quent 
Death 
■ — Dis- 
ease 

Acute perforation 4 

Suture and 

2 

1 

3 

2 

1 

- 

Abscess 

9 

dram 

I and D 

6 

X 

8 

2 

S 

I 

Bladder fistula 3 

Prox col (2) 

1 

0 

3 

1 

I 

I 

Acute diverticulitis S 

Close fist (i) 
Append with 

3 

0 

5 

I 

4 

0 


2 

dram (4) 

Exp celiotomy 

0 

0 

2 

0 

2 

0 


4 

Col os 

Exp celiotomy 

0 

0 

4 

2 

2 

0 

Acute 1 

Subacute 
Chrome J 

' 

i- All with mass ■ 

1 7 

Biopsy 

E\c 1 and 0 
Enter'ty 

Exp celiotomy 

I 

0 

7 

S 

I 

I 


3 

Colos 

Exp celiotomy 

0 

0 

3 

I 

I 

X 


5 

Cecostomy 

Cecostomy 

0 

0 

5 

2 

2 

I 


42 

Obstructed 

13 

(30 9 %) 

2 

(4 8%) 

40 

16 

( 40 %) 

IP 

(47 5 %) 

S 

(12 5%) 


* Two subsequent deaths unrelated cause 
t One subsequent death cause unknown 


months, 5 yeais seven months, and seven yeais two months aftei opeiation 
Six aie living and well, from seven months to 14 yeais aftei opeiation 

Nineteen cases (47 5 pei cent) were classed as not well Of these, 15 
(78 9 pel cent) have lequiied fuithei opeiation either foi persistent symptoms 
or disease 01 for recurrent disease In ii, lesection was iiecessaiy Thiee 
cases aie living fiom two yeais six months to five yeais after operation, with 
persistent symptoms or lecurient attacks foi which no fuithei suigeiy has as 
yet been necessary One patient died one yeai 1 1 months following proximal 
colostomy for bladder fistula Until then his uiinaiy tiact infection persisted 
The exact cause of death is not known 

Five cases (12 5 per cent) subsequently died of then disease In one case, 
a bladder fistula, multiple opeiations rveie pei formed, including a terminal 
ileostomy The patient eventually died of urinary tiact sepsis and uiemia, 
seven years six months aftei onset One case died tu 0 years after cecostomy 
of a 1 eciu 1 ence of his disease, fui thei surgei y being performed elsewhere One 
case died elsewhere, six months after proximal colostomy of peisistent sepsis 
Two patients did well for six yeais and eight years six months after operation, 
and then died of recurient disease In one, a fuither operation foi drainage 
of a recuiient abscess was peifoimed, and death was due to geneial peritonitis 
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A study of these lesults indicates that the outlook for patients with severe 
forms of diverticulitis is not veiy bright The majority have not done well 
The sigmoid was resected in 33 cases Eleven had had previous operations 
as desciibed in Table VII This makes the total senes 64 cases The imme- 
diate and late results aie given in Table VIII Sik cases nhich weie fol- 
lowed foi less than one yeai weie eliminated fioin the tabulation of late lesults 
The average follow-up foi the lemannng 25 cases was foui yeais six months 
Fifteen cases have been followed foi fioni one to five jears, and nine for from 
five to ten years The lesult m one case operated upon six }eais six months 
ago IS unknown 

T\mr vni 

RrsPLTION SIGMOID (M C II J942)— 33 CVSPS 
Ananped icrordtnt’ to the Lesion 


Immeclntc Result 

Lite Result (r-io Yrs ) 

No of Compli 

LniiiR Subsequent 

No of oncl Not Dcitb — Un- 


Lesion 

Cases 

cTtions 

Deaths 

Cases 

Wein 

Well 

Disease 

knou n 

Recurrent diver tis v ith mass 
Recurrent diver tis without 
mass w ith thickened meson 

9 

3 

0 

8 

7 

I 

0 

0 

tery 

Chronic diver tis with mass, 

3 

0 

0 

3 

I 

2 

0 

0 

? ca 

8 

S 

2 

S 

4 

0 

0 

I 

Bladder fistula 

4 

2 

0 

3 

3 

0 

0 

0 

Persistent ext fistula 

4 

Z 

0 

2 

2 

0 

0 

0 

Acute diver tis with mass 

2 

0 

0 

2 

2 

0 

0 

0 

Acute diver tis with abscess 
Subacute and chronic diver 

2 

0 

0 

I 

1 

0 

0 

0 

tis with persistent obs 

X 

0 

0 

1 

I 

0 

0 

0 


— 

— 

- 

— 

— 

_ 

« 


33 II 

(33 3%) 

* Two subsequent deaths unrelated cause 

2 

(6 1 %) 

25 

21 

(S4%) 

3 

(12%) 

0 

( 0 %) 

1 

(4%) 


Twelve cases weie lesected because of lecunent attacks of diverticulitis, 
eight because of chionic diveiticuhtis with a mass simulating caicinoma, eight 
because of peisistent fistulae, four had acute lesions vitli an associated abscess 
m two instances, and one case had peisistent obstiuction due to a fibiostenos- 
ing lesion 

There were two deaths, a mortality of 6 i pei cent Theie weie ii com- 
plications (33 3 per cent) Of the 25 cases included 111 the tabulation of late 
results, 21 (84 per cent) aie classed as well, three (12 pei cent) as not well 
There have been no subsequent deaths from the disease The result in one 
case is unknown Of the 21 cases classed as well, two have subsequently died 
of othei causes, one of a cardiac lesion foui 3feais six months later and the 
other committed suicide one yeai aftei operation Until then there were no 
difficulties due to diverticulitis, although it appears that the many operations 
which had been perfoimed upon the patient who committed suicide piobabl}'^ 
contributed to his depressed state of mind On the whole, the lesults in this 
group of resections aie encoui aging, and the impression gatheied from a study 
of these cases suggests that this form of treatment appears to offer the patient 
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suffeimg fiom a severe foim of diveiticuhtis the greatest hope foi lehef and 
appeals to lessen the subsequent moitahty from the disease 

Table IX 

RESECTION OF SIGMOID — EARL! RESULTS 

(r) Exteriorizing Operations — is Cases 

Immediate Complications 



No of 






Technic 

Cases 

Number 

Nature 

Deaths 



(n) ProMmal loop only Anterior re- 



Gen’l pent’tis, retro- 

\ 

2 

No of 

Cases 

section ith closure distal stump 



peritoneal sepsis 2 


4 


Drainage 2 No drainage 2 



Fecal fistula, small 




Proximal colostomy 2 Primary 



bowel obs , i 

0 

c 

D 

resection 2 

4 

4 

Gangrene colostomy 



2 




small bowel obs i 

0 

i 100% 

50% 

(b) Both loops Mikulicz lo loops 





No of 

Cases 

separated i 




1 

ir 


Primary resection g (Alone 4 



Small bouel obs , 3 

0 

• C 

D 

with cecostomy s) preliminary 





3 

0 

cecostomy or colostomy 2 

II 

3 



27 3% 

0% 


IS 

7 


2 





(46 7%) 


(13 3%) 



(2) Resection with Immediate Anastomosis — 18 Cases 








I 

No of 

Cases 

(a) Aseptic end-to end anastomosis 



Serious leakage suture 

0 

6 


Prel cecostomy 3 accompanying 



line abscess ext 


• C 

D 

cec’my 3 

6 

2 

fistulae 2 


2 

0 






33 3% 

0% 

(b) Preliminary transverse colos- 



Leakage suture line 

A 

0 

1 No of 

Cases 

tomy Aseptic end-to end 6 



local abscess I 


12 

aseptic lateral i 

7 

I 



c 

D 

(c) Preliminary transverse colos- 



Leakage suture line, 

0 

2 

0 

tomy Open end-to end 

5 

I 

local abscess i 


167% 

0% 


18 

4 


0 





(22 2%) 


(0%) 



Total for all groups 

33 

ir 


2 





(33 3%) 


(6 1%) 




An attempt has been made to deteimine what factois play a idle m the 
immediate moitahty, the immediate complications, and why the late results 
m ceitaiii cases Avere not satisfactory First of all, it would appear that the 
technic of lesection is a factoi Data bgaimg upon this point aie piesented m 
Table IX In this, the cases are divided according to the technic employed 
Fifteen extei loi izing proceduies aie contrasted with i8 lesections with imme- 
diate anastomosis All the deaths occuned m the foimer group, and the com- 
plications A\ ere over twice as frequent If, however, one divides the exterior- 
izing opeiations into two groups, it is apparent that m the fiist, consisting of 
foul cases m which the pioximal loop only A\as exteriorized and the distal 
loop closed, all the deaths and the majority of the complications occurred In 
the second gioup (ii cases) m which both loops were brought out by the 
Mikulicz technic, with one exception, theie were no deaths, but small bowel 
obstruction occuned in thiee cases In the first group with the closed distal 
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loop, fatal general peritonitis and retroperitoneal sepsis occurred in two cases 
In the other two, a persistent fecal fistula leading to the distal loop and small 
bowel obstruction foi which multiple subsequent operations have been per- 
formed occuri ed in one, and in the other small bowel obstruction and gangrene 
of the colostomy resulted, necessitating fuither operative procedures both 
immediately and later It is also of interest that in two of the four cases in 
this group a preliminary pioximal colostomy had been perfoimed eight and 
nine months previously In both gioups, intestinal obstruction occurred 
This complication appeals to be chai acteristic of evteiionzing proceduies It 
is possible that infection and inadequate peritoneahzation are factors because 
this technic is often employed when lesectmg acute and subacutely inflamed 
lesions 

The i 8 lesections with anastomosis may be divided into two mam groups, 
first those with prehmmai}^ or accompanying cecostomy Two of six cases 
with aseptic end-to-end anastomosis developed leakage at the sutuie line, 
extensive sepsis, and abscess formation Multiple subsequent operations neces- 
sitated long hospitalization In both, this was a neai fatal complication It 
would appear that neither piehminaiy noi accompanying cecostomy is 
adequate protection for this type of anastomosis pei formed for an infiamma- 
toiy lesion The other gioup consists of 12 cases with piehmmaiy pioximal 
colostomy Eithei aseptic 01 open end-to-end suluie was performed in ii 
Theie was one aseptic lateial anastomosis The same complication occurred 
in two cases Of these, one had an aseptic and the other an open end-to-end 
anastomosis This indicates that leakage may follow end-to-end suture 
whether open oi closed, whethei immediate or delayed On the other hand, 
when proximal colostomy preceded resection this complication was not recog- 
nized clinically, but only because postopeiative 1 oentgenograms happened to 
be taken In one instance, the peifoiation closed m one month and in the 
other. It piactically closed m the same period of time This demonstrates one 
advantage of preliminary proximal colostomy It would appear that the 
Mikulicz resection 01 immediate anastomosis preceded by proximal colostomy 
are compaiable as far as low 11101 tality and suiiilai incidence of complications 
are concerned In the forniei, small bowel obstiuction was the problem, in 
the latter it was leakage at the suture line with localized abscess formation 
A review of the operative notes in iS^'cases with immediate anastomosis and 
four cases in which anterior resection was performed, indicates that the Miku- 
licz technic could not have been used in 12 because the lower portion of the 
sigmoid loop was primarily involved There probably were others as well 
As it does not appear to be possible to decide with certainty beforehand winch 
technic will be indicated, it would seem best to advocate preliminary proximal 
colostomy in all cases in which resection of the sigmoid for diverticulitis is 
to be performed if serious complications aie to be 1 educed to a minimum 
Other possible factors which may have a bearing upon immediate com- 
plications and late results should be considered As judged by the length of 
bowel removed at operation, it would seem that less extensive resections were 
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perfoimed in the gioup with immediate leakage at the suture line The group 
living without symptoms had more extensive i esections, the average difference 
being 4 3 cm This impiession is also gatheied fiom a study of such post- 
opeiative loentgenogiams as weie available The majonty of the patients who 
had either leakage or who weie living with symptoms had end-to-end anasto- 
mosis of which SIX of seven weie of the aseptic type Spasm, delay, and nai- 
rowmg at the anastomosis were common findings in these groups, and were 
less fiequent m patients living without symptoms In the lattei group, nar- 
loumg was piesent in two of nine cases, and spasm m one Pei haps the most 
noteworthy finding was absence of delay at the anastomosis in all of the good 
lesults examined i oentgenologically Residual diveiticula weie usually pres- 
ent after opeiation m all gioups 

The chaiacter of the bowel at the time of operation is undoubtedly a factor 
A nariow lumen, a thick wall, and acute inflammation all seem important, par- 
ticulaily with legard to end-to-end anastomosis It is also leasonable to 
believe that the moi tahty and immediate complications following the Mikulicz 
type of lesection, compai atively safe as it is as a pnmaiy proceduie, might be, 
likewise, reduced by a peiiod of delay If such is the case, the added time 
consumed would be amply justified One of the pimcipal leasons for per- 
forming a piehmmary pioximal colostomy is to allow infection to subside 
The period of delay should be dependent upon the time lequiied foi this to 
take place 

A leview of the pathologic specimens removed at operation showed that 
of 14 cases in which piimaiy resections weie performed acute inflammatory 
changes weie piesent in 12 There was a time interval of ii da)s to thiee 
weeks between cecostomy or traiisveise colostomy and resection m six cases 
Acute diverticulitis was piesent m foui Seven weeks to thiee months elapsed 
between pioximal colostomy and resection in foui cases Acute inflammation 
was piesent m thiee of these specimens The time mteivals m five cases 
between tiansveise colostomy and lesection weie thiee and one-half, five, five, 
five, and eight months, lespectively Theie was no evidence of acute inflam- 
mation in any of these This suggests that the time mteival should be not 
less than thiee months and piobably need not be over six months There uas 
a time mteival of six to ten months in foui cases with peisistent external or 
bladdei fistula, between pioximal colostomy and lesection Acute mflamma- 
toiy changes were piesent m all It seems leasonable to believe such would 
be the case as long as a fistula peisisted The intenal m such cases would, 
theiefoie, appear to depend more upon the time it takes for such fistula to 
heal 

In this connection, it was found that exteinal fistulae developed m seven 
of 17 cases in which diamage was employed in the management of acute per- 
foiatioii (thiee), abscesses (ten), and acute diverticulitis for which appen- 
dicectomy and diamage uere pei formed (four) Spontaneous healing oc- 
curred in two cases m nine weeks and ii weeks, respectively In five cases, 
the fistulae peisisted and were obseived foi five, five, 17, 19 months, and three 
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years, respectively At these times, fuither surgical procedures were insti- 
tuted, proximal colostomy followed by resection in thiee, proximal colostomy 
only m one, and excision with tiansverse colostomy m one In the three cases 
which were resected, the time mteivals between colostomy and resection were 
four and one-half, five, and six months, i espectively The bowel opening was 
patent in every case The external fistula healed in one case (time interval 
six months) One other case, with a fistula of one ueek’s duration, was re- 
sected ten months after proximal colostomy Both openings of the fistula 
were still patent In one case, with proximal colostomy only, for external 
fistula of thiee years’ duiation, the external opening closed piomptly The 
patient also had a bladder fistula which did not heal, suggesting that the bowel 
opening was still patent 

No evidence of spontaneous and persistent healing of bladdei fistulae uas 
found Pioximal colostomy followed by lesection was performed in four 
cases The duiation of the fistulae at the time of colostomy uas two years, 
six months, four and one-half months, and three months 1 he time intervals 
between colostomy and resection were two, nine, thiee, and nine months, 
respectively The bladder opening was closed m the first and fourth, the bow^el 
opening in the fourth only 

Proximal colostomy only w^as pei formed in four cases with bladder fistulae 
In one of these a terminal ileostomy was per formed The fistulae had been 
present for one, 15, one, and two months, 1 espectively In the thud case, 
clinical evidence indicates that the fistula healed promptly and has remained 
healed for seven and one-half years In the other three, clinical evidence sug- 
gests that the fistulae remained active for 15 months, six and one-quarter years, 
and six and one-third years, respectively Twm of these cases are dead, the 
first and third The latter is known to have died piimarily of urinary tract 
sepsis and uremia, and the other was knowm to have persistent uiinaiy tract 
sepsis up to the tune of death 

It appears to take not less than thiee months of proximal decompression 
by colostomy for evidence of acute inflammation 111 resected specimens to dis- 
appear except in cases in wdiich external 01 bladder fistulae persist In these 
cases, acute infection was invaiiably present even after ten months of proximal 
colostomy External fistulae follownng drainage operations either healed 
spontaneous!}'- m three or four months 01 persisted up to three years Fol- 
lowing proximal colostomy, two external fistulae healed promptly 01 w'lthin 
SIX months The bowel opening did not heal in either of these Following 
proximal colostomy, three external fistulae persisted, the bowel being open 
in all at the tune of resection four and one-half, five and ten months later 
Follownng proximal colostomy for bladder fistulae, healing occurred within 
a few months in one case and did not take place in three cases for fifteen 
months, six years three months, and six years 4 months, respectively From 
this, it would appear that a tune interval of from three to six months should 
elapse between proximal colostomy and resection There appears to be little 
to be gained in cases without fistulae by a shoitei interval except where the 
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possibility of carcinoma exists, and little to be gained by a longer delay in 
patients with exteinal or bladder fistulae which have not healed within this 
period of time 

The length of the lesected segment of bowel was short in the majority of 
instances This figure is known m 27 cases, the average for the group being 
13 6 cm , 01 54 inches In 23 cases (85 per cent), the area removed langed 
from seven to 15 cm, avei aging 123 cm In only four cases was a longer 
segment removed, the measniements being 17, 17, 24, and 25 cm In none 
was this done because the lesion was unusually extensive In the fiist two, 
the puipose was to remove as much as w^as readily possible and still lestoie 
continuity In the thud, the bow^el \vas unusually ledundant, and still is 
accoiding to postoperative 1 oentgenograms In the fourth, an anterior le- 
section was peifoimed foi a low' lesion thought to be carcinoma, the segment 
removed far exceeding the involved aiea These findings confirm the state- 
ment of Spiiggs and Maixei (1927), that the disease generally involves a 
localized area of the bowel The leason wdiy the disease is serious m some 
cases and not m otheis does not appeal to be because it is more extensive, but 
lathei because theie is a moie serious and peisistent piocess m a localized 
segment of the bowel Continuity of the bow'el was reestablished m 27 (81 8 
pel cent) of the 33 lesected cases, and judging by the opeiative notes, could 
have been restoied 111 all, wnth one possible exception When appi cached 
directly m the acute phase, the impiession may be gathered that the lesion is 
extensive, foi the inflammatoiy piocess m the bowel may reach fai beyond 
the point of oiigm When in a quiescent phase, it is geneially found to be 
localized m extent, lesectable, wnth lestoiation of continuity m the gieat ma- 
joiity of cases, and highei 111 location than was expected The lower thud 
of the sigmoid was pimcipally involved 111 12 (36 4 per cent) of 33 cases 

CONCLUSIONS 

(1) The late lesults of opeiations for diverticulitis, which neithei diveit 
the fecal stieam 1101 lemove the involved segment of the bowel, weie unsatis- 
factoiy 111 ovei 40 pei cent of cases In these, some fuithei surgical jirocedure 
often was necessaiy 

(2) The late lesults of proximal colostomy w'eie bettei Unsatisfactory 
lesults occuiied m about 25 pei cent of cases subjected to this procedure This 
opeiation does not appeal to low'ei the late moitahty due to the disease It 
does lelieve symptoms Later closuie of the colostomy w'as unsuccessful in 
ovei 45 pel cent of cases 

(3) The late lesults of lesection of the involved segment of the bow-el w-ere 
unsuccessful m appioximately 12 per cent of cases This opeiation appears 
to lowei the late moitahty due to the disease 

(4) The immediate moitahty for lesections has been high, the average 
being 17 I pei cent This figuic vanes considerably (25-6 i per cent) The 
immediate complications in our senes weie frequent (33 3 per cent) 

(5) The Mikulicz opeiation w-as found to be comparatively safe, although 
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complicated by small bowel obsliuction occasionally The repoited mortality 
(ii 5 per cent) for the operation should he i educed if possible Both open or 
aseptic end-to-end anastomosis weie complicated by leakage at the suture line 
and abscess formation In these, the length of the segment removed was short 
Leakage was a serious mattei m cases m which a prelimmaiy colostomy had 
not been pei formed Preliminary oi accompan3'ing cecostoni}'^ was not ade- 
quate piotection foi lesection with immediate anastomosis The late lesults 
of the Mikulicz opeiation and open end-to-end anastomosis veie satisfactory 
There was no evidence of delay at the anastomosis m these In thiee cases 
with less satisfactoiy late lesults, aseptic end-to-end suture was peifoimed 
In two of these, delay at the anastomosis was found In geneial, as judged by 
postoperative roentgenologic examination, the more extensive lesections were 
pel formed m cases with satisfactoiy late lesults Anterior lesection vith 
closure of the distal segment was found to he an unsatisfactoiy technic 

(6) The inflammatory piocess is generally situated in the sigmoid, and con- 
fined to a localized area Resection with i eestahhshment of continuity is 
usually possible Theie appears to he no contraindication to removing more 
than the involved segment of bowel This should ])lace the point of anastomosis 
m more favorable ten non It would tend to reduce the numhei of lesidual 
diverticula and perhaps the statistical chance of recui i ence In this connection. 
It appears desirable to guard against delay at the anastomosis 

(7) It IS suggested that a pieliminary transveise colostomy he perfoimed 
111 all cases in wdiich lesection is contemplated, and that the peiiod of delay 
before resection he fi om tin ee to six months 

(8) If resection should foi some reason he perfoimed in the acute stage, 
an exterioi izing proceduie, of the Alikulicz type, should he employed It must 
be stated, how'evei, that this technic could not he used m ovei one-thiid of our 
cases Resection should he avoided m the acute stage of the disease 

(9) It is impossilile to difteientiate hetw^een caicinoma and diverticulitis 
m a few cases In these, lesection is indicated 

(10) Resection of the involved segment of the bowel appears to oftei 
patients suffering from the moie severe and complicated foi ms of divei ticulitis 
the greatest hope for improvement If caiefully planned, the moitality should 
be low, serious complications few, and unsatisfactoiy late results infrequent 
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Discussion — Dr Henry W Cave (New York) The first cases of perforated 
diverticulitis with abscess formation in the American literature were reported by Dr George 
Emerson Brewer, an attending surgeon at the Roosevelt Hospital, before the American 
Surgical Association, m May, 1907 (35 years ago) He reported six cases 

To some of us, certain suggestions offered by Doctor Smithwick in the surgical 
management of diverticulitis seem, at first, radical and they are radical when compared with 
our former notions of colon surgery But, assuredly, he has shown that the morbidity and 
the mortality can be lowered in properly selected and properly prepared patients No 
doubt, with the judicious use of the newer chemotherapeutic agents and methods of proximal 
decompression, the operative mortality can be still further reduced 

In the past, most of us have treated the complications of the disease rather than 
attacking primarily the disease itself, this has necessitated emergency surgical measures 
Whereas, Doctor Smithwick has not stopped at that, but has gone on with elective pro- 
cedures which promise a more effective and lasting cure 

Cancer and diverticulitis are not infrequently seen coincidentally, but there is no 
evidence to assume that the presence of diverticulosis or diverticulitis predisposes to the 
development of a malignancy, this is accepted by all of us 

The statement is accredited to the late Dr Daniel Jones, of Boston, that bleeding 
from the rectum is a prime symptom of malignancy and not diverticulitis Doctor Smith- 
wick has stated that a history of bleeding is present in 1 5 7 per cent of patients known to 
have diverticulitis It is the experience of most of us that patients with the history of 
rectal bleeding sent to the roentgenologist for a barium enema, return with a report of 
diverticulosis or diverticulitis and not cancer 

In eight, or 24 2 per cent, of the 33 cases resected by Doctor Smithwick the history, 
the rocntgenographic findings, and the operative findings, all suggested malignancy, and 
there was no other way except resection to answer the problem usually the mvohement 
IS beyond the reach of the sigmoidoscope and the tell-tale biopsy specimen 

From 1920 to 1942, a 21-year period at the Roosevelt Hospital, 43 patients of 
a group of 1 16 admitted to the Surgical Service were operated upon for acute or chronic 
diverticulitis of these, ii, or 25 6 per cent, were explored for a possible or probable 
malignancy These figures on this particular point m the two senes the one from the 
M G H the other from the Roosevelt Hospital, are almost identical 

In other respects our senes correspond similarly to those of Doctor Smithwick, 
as to the indications for surgery, the methods of approach, and the mortality, except 
that in no instance have we resected the sigmoid for recurrent attacks of diverticulitis 
per se 

Doctor Smithwick has resected the sigmoid in 33 individuals, with a relatively low 
mortality rate of 17 t pet cent, considering the nature of the disease And, m a group 
of 12 of 33 resected, he had a surprisingly low mortality of 6 i per cent 
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To me, this group of 12, resected because of recurrent attacks of diverticulitis, is 
one of the principal features of his splendid presentation 

Preliminary proximal colostomy he considers preferable to cccostomy and should 
be done m all cases where resection of the sigmoid is to be carried out The wider the 
excision the lower the chance of leakage at the suture line and added security by suturing 
healthy bowel wall 

Wisely has he set a time interval of from three to six months of proximal decom- 
pression, by colostomy before proceeding with the resection 

Stenosis as a complication at the site of removal is not infrequent by the Mikulicz 
method in our own series 

In dealing with an inflammatory and not a malignant lesion I believe it can be 
stated with fairness that any type of exteriorization procedure is as complete and, to me 
IS safer than suturing the colon end-to-end or even side-to-side and I say this even in 
spite of the sulfonamide drugs and the Devine method of dysfunctioning the left colon 

In the series here presented colostomies were closed in 36 instances and only 528 
per cent remained well indicating that the inflammatory lesion persisted The late results 
following resection have proven more satisfactory 

Doctor Smithwick I am sure has stimulated us in an attempt to completely 
eradicate the diseased segment of the colon thus permitting these individuals to be well 
and not semi-invalids 

Dr Richard B CATTELL (Boston Mass) Doctor Smithwick s presentation of 
the difficulties of diverticulitis is of unique interest since there arc 64 patients treated by 
every possible method of treatment that could be applied to di\ erticulitis and they arc 
an unselcctcd group I think he has demonstrated very conclusitely that a reasonable 
mortality can be expected if we delay resection to be a late and elective procedure 

Doctor Walker and I have recently reviewed our patients who have been operated 
upon for diverticulitis at the Lahcy Clinic We think there arc only two operative indi- 
cations one the complications of inflammation and second and most important the 
indication of obstruction 

I would like to propose a relatively different conception with regard to the treat- 
ment of abscess in di\ erticulitis From our experience and from that in the literature 
where free pus is drained into the peritoneal cavity the mortality has been high I be- 
lieve that if we delay operation in those cases with abscess until they cither point in 
the left lower quadrant or by rectum and if operation is indicated do not operate in the 
field where the diverticulum is located but establish a colostomy of the transverse colon, 
we will reduce the mortality Furthermore these abscesses frequently drain spontaneously 
into the lumen of the bowel 

We have because of our own mistakes and high mortality made another rule v'cry 
clearly brought out by Doctor Smithwick and that is that with div'crticulitis we do not 
perform a primary resection at any time if vve know with what we arc dealing Where 
we have resected the diverticulitis as a primary procedure with a mistaken diagnosis of 
carcinoma our mortality has been 50 per cent With regard to procedure of colostomy 
in the transverse colon if a long spur is formed greater case will be experienced in tbc 
subsequent extraperitoneal closure 

Dr Carl EggeRS (New York) I rise to discuss Doctor Smithwick s paper largely 
to call attention to the importance of the subject of diverticulitis and the danger asso- 
ciated therewith In my own personal experience the condition has not been uncommon 
I have seen 82 cases with acute diverticulitis of sufficient seventy to warrant a surgical 
consultation In 36 or 43 g per cent a condition developed which required surgical 
intervention In other words 36 patients were operated upon either for perforation or 
obstruction or mistaken diagnosis Of those operated cases 20 or 24 4 per cent had 
perforation Twenty-four per cent of the acute diverticulitis cases had perforation Their 
operation was forced on the surgeon That is what I want to call attention to That 
was the group we had to handle surgically Of that group ten died a mortality of 50 
per cent 

The total mortality in the 34 cases operated upon was 23 5 per cent, which is re- 
stricted entirely to acute perforations Among this group there were five patients with 
cancer, all of whom eventually succumbed to their disease 
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Of the late complications which follow this condition, one of the most annoying 
IS the persistent fistulae If the fistulae discharge only suppurative material, the patients 
do not mind so much, and some prefer to have the fistula dram itself rather than be sub- 
ject to operation, but if there are feces draining, there is a different condition During 
the last four or five years we have had four such cases One preferred to drain and finally 
healed after about four years Two were operated upon, and by complete excision of the 
fistulae and closing the sigmoid opening, it was possible to heal them The fourth one 
has had several attempts at closure but it was not permanent 

Another interesting complication is sigmoid-bladder fistulae I think much depends 
on the extent of the involvement in that and/or the place of attachment If the place of 
attachment is close, the closure should not present much difficulty, if one uses prompt 
cleansing of the bowel and bladder both, and interposes a layer of omentum between 
the two sutures after completion But the important thing is the danger of perforation 
If the perforation can be avoided in some of the patients who have repeated attacks of 
pain and obstruction an operation of choice in those patients may be indicated, as Doctor 
Smithwick has stressed and there one can prepare them adequately the way one docs in 
carcinoma One of the difficulties with resection, however, in these cases is the length 
of involvement of the bowel That is one of the very important differential diagnostic 
points Carcinoma usually involves a small segment, diverticulitis, a long segment, so 
long you have to operate in diseased tissue if you want to resect the whole area That 
IS one of the very serious difficulties Also, resection docs not guarantee that one will 
not have recurrence I have had two patients who had resection done, who later had 
recurrences, and one of them is under observation now It was resected ten years and 
he was pretty well Now he has recurrent attacks of severe pain resembling obstruction, 
and roentgenograms show very extensive diverticulitis along the whole sigmoid region 

Dr Charles C Lund (Boston, Mass ) In connection with Doctor Smithwick's 
paper and Doctor Cave s comments on it both mention the occasional incidence of bleeding 
in diverticulitis I want to call attention to the fact that that bleeding may be quite 
severe 

A few months ago a patient at the City Hospital, in Boston, came in with a history 
of a marked hemorrhage of fresh blood He was in such shape that the interns trans- 
fused him as soon as possible after admission During the time that the first transfusion 
was running into his veins, he called for the bed-pan, and a measured amount of i 500 
cc of pure blood was evacuated Transfusions were repeated Many pints of blood 
were given We got far enough ahead of the hemorrhage so that, on the second morning. 
It seemed reasonable to try a desperate operation The situation that was found was a 
fistula that had burrowed from a diverticulum into the ileac fossa I did not feci justi- 
fied, with the scarred conditions found, to try to do anastomosis I tied off the artery 
the patient did very well for a few hours, and then died of hyperpyrexia, which possibly 
IS accounted for by the period of pretty severe shock or low blood pressure, that he 
was in before the operation I do not know , I think that is a unique case 

Doctor Bcrnng and I have studied it to some extent We find no reference to such 
an instance in either surgical or pathological literature If any of you have had any ex- 
perience approximating that, I would appreciate it if you would speak to me about it 

I think Doctor Smithwick s paper was really very, very valuable In our experi- 
ence, which has not been studied at the City Hospital, I would say it is my personal 
impression that when our cases have done well they have been handled in the way in 
which Doctor Smithwick's cases have been handled When they have not done well 

they have been handled in the way the cases at the General that have not done well have 

been handled, as he has shown 

Dr R H Smithwick (closing) I think the discussion this afternoon in regard 
to diverticulitis is fairly representative of what you find in the literature namely, that 
there is considerable difference of opinion about what should be done and when it should 
be done Strangely enough although there is a great deal of literature on certain aspects 
of this problem there arc surprisingly few reports of late results of any maneuver what- 
soever Many people, of course, have been operated upon, but there arc very few late 

results in the literature for which reason it is difficult for one to make a decision as to 

what really should be done under various circumstances My impression is that there is a 
real need for further reports of late results of various forms of treatment 
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SURGICAL TREATMENT OF IMALIGNANT LESIONS OF THE 
SIGMOID— WITH EXTENSION 

Ralph F Bowkrs, MD 
New Yoniv, N Y 

FROM TIIF DFPAIlTMf NT OP SUnOFRl Of TIfF SFW lORlv IIOSPITIL AND COIINH/I UMMIISITl MfDlCAL COLLLOL 

NFW ^OltK, N \ 

The operability of malignant lesions of the sigmoid is limited by the 
presence of distant metastases oi the extensive involvement of adjacent 
stiuctures, lemoval of which would jeopaidi/e life The necessity for resect- 
ing aieas of small bowel, uteius, tubes and ovaiies with the sigmoid has 
been met successfully and is not legarded as being paiticularly dangeious 
When, howevei, the tumoi invades the ininary bladdei — especially if the 
invasion is extensive oi happens to he neai the tiigone — operation has been 
appi cached m a spiiit of defeatism even though the lesion be otherwise 
opeiable Accoidmgly, many cases of carcinoma of the sigmoid aie denied 
radical opeiation because the opeiatoi fears that lesection of part of the 
uimaiy bladdei with the bowel is too hazaidous 

Little mention is made of this extension and its treatment m the hteiature 
coveimg the subject In a feu instances authors eithei condemn the tech- 
nical gymnastics requiied oi state simply that if the bladdei involvement is 
small, entiance into that oigan should not be feaied if it is necessary to com- 
plete a radical leseclion Yet it seems suipiising that with what is known 
of paitial 01 complete cystectomy foi othei conditions we should not en- 
counter moie lepoits of expeiience wuth the paitial lemoval of the urinary 
bladder m cases of caicinoma of the sigmoid w-ith extension The purpose 
of this communication is to compaie the lesults in two cases of caicinoma 
of the sigmoid wath involvement of the uiinaiy bladdei in wdiich w'e accepted 
the idea of palliation solely because of the uiinaiy bladdei involvement wuth 
those in four othei s in wdiich lesection of the diseased jioitions of the bladder 
was carried out 

CASE REPORTS 

Case I — N Y H No 274152 W P , male, age 60, had complained of increasing con- 
stipation over a period of one year Two months befoie admission the stools became 
narrow and abdominal cramps developed which were relieved by the passage of stools or 
flatus There were no bloody stools He had nocturia three to four times for the past 
two months, and had lost 60 pounds since the onset of his symptoms The positive phj sical 
findings included evidence of weight loss, artei losclerosis, complete edentia, and a palpa- 
ble, fixed mass in the suprapubic region Digital examination of the rectum was negative 
Proctoscopic examination revealed a fungatmg lesion at 16 cm that pioved to be adeno- 
carcinoma on microscopic examination All laboratory tests were negative witli the ex- 
ception of occult blood found on stool examination Exploratory celiotomy re\ ealed a 
large tumor of the sigmoid invading the fundus and postei 101 wall of the bladder , no liver 
or distant lymph node metastases were noted The lesion was considered inoperable, and 
a right transverse colostomy was performed The patient is living, with little change 
m his condition, one year and two months following operation 

* Read before the American Surgical Association, Cleveland, Ohio, April 6-8, 1942 
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Discussion Resection in this case would have leqiiiied the lemoval of D\o- 
thirds of the bladder with the sigmoid by the abdommopeimeal method 
The radical operation should have been attempted 

Case 2 — Y H No 282163 E C, male, age 60, was admitted to the Urological 
Service, with the complaint of weight loss, waterj" diarrhea and later constipation for a 
period of one year Siv to seven months previously there developed tenesmus, urmarN 
frequency and burning on urination Two months before admission the patient observed 
the passage of gas from the urethra These symptoms became progressively worse and 
weakness became pronounced Examination revealed emaciation, a mass in the left lower 
quadrant and suprapubic legion and an enlarged prostate All laboratory examinations 
were negative except for the stools which were positive for blood P\eIography revealed 
left hydronephrosis and left hydroureter Cystoscopic examination revealed a large de- 
fect in the fundus of the bladdei, due presumably to carcinoma of this organ Barium 
enema showed an irregulaiity in the sigmoid, and on proctoscopic examination a lesion 
was seen at 15 cm which pioved to be adenocarcinoma A transverse colostomy, without 
exploration, was performed under local anesthesia Postoperatively, feces and gas con- 
tinued to pass per urethra Severe lower abdominal pain developed on the nintli post- 



Fio 1 — Cise 3 Extension of carcinoma into Fig 2 — Case 3 Repair of bor\d and 
the fundus of the bladder bladder it end of operation 


operative day, with signs of peritonitis from which he died on the next day Postmortem 
examination revealed carcinoma of the sigmoid infiltrating the fundus of the bladder, re- 
sulting in rectovesical fistula, exlravesical abscess with perforation and generalized 
peritonitis 

Discussion The tiansveise colostomy was established as a piehminary 
step to ladical lesection, and the postmoitem findings confirmed the suspicion 
that the grmvth could have been removed if infection had not terminated 
the patient’s life 

Disappointed by the pool lesults of such palliative proceduies, we ha\e 
been led to perfoim much moie extensive operations in the following foui 
cases including, vhen necessary, wide lesection of the bladder 

Case 3 N Y H No 199533 L B , female, age 65, had noticed increasing constipa- 
tion for three months, with ribbon stools for one month, and occasional abdominal cramps 
No bloody stools were noted, and there was no weight loss Physical examination showed 
moderate arteriosclerosis but w'as otherwise negative Stools were negatne for blood 
Barium enema showed constriction of the sigmoid Proctoscope was negatn'e 

987 



RALPH F BOWERS 


Annals of SurRery 
Tune 1942 


Procedure Exploration revealed that there was a large tumor of the sigmoid fixed 
to the fundus of the bladder but that actual invasion of the bladder was not extensive 
A portion of the fundus was excised with the bowel tumor, thus freeing the intestinal 
mass This was resected radically and end-to-end anastomosis performed The resultant 
opening in the fundus of the bladder was sutured with catgut and silk, and a cecostomy 
was performed The abdominal wound was closed with catgut and silver wire retention 
sutures and a retention catheter was inserted per urethra 

Coni sc The abdominal wound became infected but responded to simple drainage 
The urinary catheter was removed on the eleventh postoperative day Normal bowel 
movements occurred on the twenty-sixth day 

Folloiv-Up Ihere is no sign of recurrence three years and ten months postopera- 
tively 

Case 4 — N Y H No 274729 A B , male, age 66, had complained of passage of gas 
per urethra for a period of two months, urinary frequency, burning, and failure to empty 
the urinary bladder completely when voiding Bowels were regular but the stools con- 





Fig 3 — Case 4 Fxtenswe in\oUe 
ment of upper half of unnarv bWdder 




end to end 


tamed pink, 3elly-hke material at times He had a poor appetite due to the fact that 
eating made all the symptoms worse, and had lost 25 pounds m weight 

Physical Examination showed obesitv and modeiate arteriosclerosis There was a 
hard suprapubic mass, about the size of a grapefruit which was slightlv tender The 
prostate was moderately enlarged Laboratory tests showed 3-!- albumin and numerous 
W B C and R B C m the urine All stools were positive for blood Proctoscopic 
examination was negative Barium enema showed a lesion of the sigmoid resembling 
diverticulitis 

Preoperative Course The patient was placed on clear liquid diet, with definite im- 
provement A second barium enema showed no change from the first Soft diet was 
instituted at this time, with a return of the symptoms, and the passage of feces m the 
urine as well as more gas per urethra was now noticed 

Procedure Because of his failure to improve, transverse colostomy was attempted 
under local anesthesia A greatly redundant sigmoid, which was encountered in the 
wound, necessitated using the portion of that organ proximal to the lesion for the 
colostomy instead of the transverse colon Following this, the patient improved con- 

988 



\ olume 115 
^umlJer 6 


CARCINOMA OF SIGMOID 


siderably, the passage of gas and feces per urethra being markedly decreased His 
course following the colostomy was complicated by a pulmonary embolus, but recovery 
was prompt Thirty-eight days after the colostomy, under open drop-ether anesthesia, 
a left rectus incision was made, and the huge lesion in the sigmoid was found to involve 
the upper half of the urinary bladder On first inspection, complete fixation of the mass 
with a considerable amount of infection was noted However, there were no distant 
metastases, and an attempt was, therefore, made to free the mass The peritoneum 
covering the bladder was incised together with the peritoneum lateral to the sigmoid 
This allowed a line of cleavage which resulted in the mobilization of the bladder with 
the intestinal tumor Further examination of the large mass revealed that if radical 
removal were to be carried out it would necessitate the excision of two-thirds of the 
bladder At the proper site, just above the trigone, the bladder wall was incised, and by 
carrying the incision completelj around the bladder the entire mass was mobilized enough 
to allow It to be raised outside the abdominal cavity Kocher clamps were placed on the 
bowel at suitable distances below the lesion, and by dividing between the clamps the mass 
was further delivered, so that the mesentery beneath the tumor could be clamped and 
resected After removing the proximal bowel to the level of the colostomy, the resection 
was completed 

At this point, however, the patient was in moderate shock and, although an anas- 
tomosis would have been possible, it was deemed wiser to leave the colostomy opening 
undisturbed and bring the distal segment out through the lower right rectus region 
After securing proper hemostasis of the mesentery and bladder wall, the circular bladder 
edge was sutured around the end of a mushroom catheter, which was then brought out 
through the lower end of the left rectal wound as a cystostomy tube Several cigarette 
drains were placed in the rectovesical pouch and the celiotomy wound closed with through- 
and-through silver wires Shock was readily counteracted by the ordinary methods 

Pathologic Examination revealed adenocarcinoma of the sigmoid with extension into 
the urinary bladder, metastases to the regional lymph nodes, markedly inflamed and 
necrotic bladder wall, and a small polvp m the sigmoid 

Coil) sc Unremarkable until the tenth postoperative day The cystostomy tube was 
removed and several hours later there was an alarming hemorrhage from the supra- 
pubic wound as well as fiom the urethra This ceased after half an hour, and, with the 
aid of transfusions, the patient's condition improved A retention urethral catheter was 
inserted on the twentieth postoperative day The wound healed rapidly, and following 
removal of the catheter on the forty-fifth postoperative day, the patient was able to void 
satisfactorily He was discharged 66 days after the radical procedure At tins time the 
left rectus wound was completelj’- healed and the right rectus region contained two 
colostomy openings — the upper one, being proximal, was the functioning colostomj 

Improvement was now quite rapid The patient returned to work, but was consider- 
ably handicapped by the nuisance of the colostomy Six months after the resection he 
was readmitted to the hospital, and after four days of preparation with sulfadiazine, 
irrigations and clear liquid diet, under open drop-ether anesthesia, the two colostomj 
openings were dissected free of the abdominal wall, the ends of both resected about two 
inches from the opening, and end-to-end anastomosis performed, without proximal de- 
compression Sulfadiazine was continued postoperatively, to include seven days in all 
Passage of flatus was noted in 72 hours, the bowels moved normally on the fifth daj, 
both wounds healed per pnmaiii, and he was discharged on the twentieth postoperative 
day 

Follozo-Up The patient now' weighs 220 pounds, and has normal functioning bowel 
and bladder behavior There is a small incisional hernia m the left rectus wound There 
IS no sign of recurrence or metastases one and a half jears following the resection 

Case 5— NYH No 297121 S Z, male age 51, complained of diarrhea, urgency, 
tenesmus and passage of foul-smelling mucoid material per rectum A slight amount of 
blood was passed with the stools There were intermittent abdominal cramps, urinary 
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frequency, cloudy urine, and the passage of flatus per urcthia at tunes Tliere had been 
a loss of weight of 64 pounds 

Physical Evamtnation showed emaciation, and a palpable, large, hard, fixed mass in 
the rectovesical pouch Pioctoscopy revealed a fungating mass at the level of 15 cm, 
proven to be adenocarcinoma microscopically Laboratorj tests showed 2+ albumin, 
and many AV B C and R B C in the urine R B C 2 5 million , W B C 21,000 , 
stools positive for blood Cystoscopy showed intrusion and invasion of the bladder wall 
by bowel malignancy 

Ptotedute Transverse colostomj was 
pci formed under local anesthesia After 
opening the colostonn the patient impro\cd 
shglitly, but began to run a septic course 
\ with high temperature and chills, due to 

marked urmaiv infection This continued 
with a consequent downhill course until 
/ r , i j Ins condition became precarious Several 

\ ^ observers felt that because of the urinari 

I \ infection, fixation of the mass, and obvious 

’ ) bladder invasion, resection would not only 

\ t be dangerous but futile However, after 

I many transfusions and prophjdactic admm- 

J istration of sulfadiazine, a midline incision 

was made under ether anesthesia There 
wcie no metastascs m the Iner and no 
prcaortic hmph nodes \\cre iinohcd A 
greatly inflamed mass was located in the 
sigmoid, which a\as fixed to the posterior 
bladder wall After incising the bladder 
peiitoncuin, the entire mass, with the blad- 
der, w’as freed The bladder imolvement 
extended almost down to the tiigone m a 
longitudinal manner Incisions w'ere made 
into the bladder, allowing margins on both 
sides When the tumor was lemoved from 
the bladder there remained a long longitu- 
dinal incision in the posterior w'all from 
^ the fundus to the region of the trigone 

riG 5 -Case S Estension of care, noma mto securing hcmostasiS, this WaS closed 

posteiior aspect of the bladder With Intel ruptcd catgut sutures The tuiuor 

was still fixed to the posterior peritoneal 
wall, and, after locating the right uietci which was obstructed b\ the tumor, the posterior 
peritoneum was incised and the mass finally fieed sufficiently to be delivered into the 
wound The section with the invaded bladder wall attached was now resected with ade- 
quate margin in the bowel and mesenteric areas Because the lesion w'as situated low, it 
was impossible to make an anastomosis The lower end of the bowel w'as, therefore, 
turned in and the proximal end was brought out the upper region of the wound A tube 
w^'as inserted in the fundus of the bladder and brought out the lower end of the w'ound 
Several cigarette drains were placed in the rectovesical pouch, and the wound closed with 
through-and-through silver wire sutures 

Couise Sulfadiazine was continued for a period of seven days The suprapubic tube 
was remov'ed on the tenth postoperative day, and on the twenty-fourth day the patient was 
voiding normally His condition improved markedly, and there was immediate cessation 
of the urinary inflammatory symptoms He was discharged 41 days after the resection, 
with the wound completely healed The transverse colostomy is the functioning anus, 
and there is a mucous fistula present in the left rectus incision 
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Follozv-Up Ten months postoperatively there is no recurrence and no evidence of 
metastases He has gained weight and strength and is Avoiding normally 

Case 6 — N Y H No 284479 J J > male, age 51, had noted malaise, chills, fevei, and 
a dull pain over his loiver abdomen for three weeks There was marked urinarj' frequency, 
dysuria and cloudy urine Constipation became more marked during the past two months 
He had passed a single bloody stool one month before admission 

Physical Exammahon showed a pale, acuteb"^ ill man Abdominal and rectal exam- 
inations were negative Laboratorj^ tests showed many W B C and R B C in the urine , 
NBC 33 million , W B C 32,000 , stools negative for blood Proctoscopy revealed no 
tumor, but what appeared to be urine could be seen dripping into the rectum Cj stoscopj 
showed a rectovesical fistula located just above the trigone Barium enema revealed a 
lesion of the sigmoid suggestive of carcinoma 



Fig 6 — Case 6 Extensive insolvement Fig 7 — Case 6 IMarked in\ohement of 

of posterior bladder vail bladder present six months after first re 

section 


Piocedme A transverse colostomy was performed, which resulted m marked im- 
provement m his general condition Many blood transfusions were given and sulfa- 
diazine was administered preparatory to resection, which was attempted through a left 
rectus incision, three weeks following the colostomy No liver or distant lymph node 
metastases were noted The tumor was located in the sigmoid, and extension was dis- 
covered into the bladder 111 one small area in the region of the trigone There was a 
consideiable amount of infection present An incision was made into the bladder “cormg- 
out” the fistulous tract, but this could not be accomplished with a large margin because 
the ureteral orifices were m close proximity to the invaded area, but because of so much 
infection it was hoped that the actual invasion would be minimal The opening in the 
bladder was closed with catgut It was now fairly simple to free the sigmoid, resect 
it with good margin, and perform an end-to-end anastomosis Two cigarette drains were 
placed in the rectovesical pouch and the wound closed with catgut and siher wire reten- 
tion sutures A retention catheter was placed in the bladder per urethra 

Couise An intra-abdominal abscess de\ eloped, which was drained three w’eeks post- 
operatively Following this, iinproAcment was maiked and healing of the w'ound was 
rapid Six weeks after the resection the transAerse colostoinj A\as closed, and the pa- 
tient Avas discharged, Avith normal rectal and bladder function He gained in av eight 
and strength and remained well until six months following the resection At this time 
he began to liaAC hematuria, Avhich Avas scAcrc and continuous Profound anemia and 
Aveakness folloA\ed Cjstoscopic examination at the time reiealed the entire urinary' 
bladder to be involved in an infected neoplastic process, biopsy of Avhicli prOAed it to be 
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adenocarcmoma originating from the rectum and showed the same morphologic structure 
as that seen m the sigmoid lesion Roentgenotherapy offered no hope and nothing was 
planned therapeutically until the patient and his family insisted that anything be attempted 
which might offer even the slightest hope Accordingly, bilateral ureterostomies were 
performed, following which the patient’s condition improved rapidly After several blood 
transfusions and sulfadiazine prophylactically, the left rectus wound was reopened and, 
again, no liver or distant lymph node metastases were noticed There were a few small 
involved nodes in the mesentery beneath the anastomosis The urinary bladder was 
enlarged and was obviously involved with tumor m its entirety The bladder perito- 
neum was incised and the entire bladder freed by blunt dissection, continuing this dissec- 
tion anteriorly under the symphysis and posteriorly so that both seminal vesicles and 
prostate gland were now clearly defined and freed The posterior urethra was incised 
and vessels clamped, following which the bladder, prostate and seminal vesicles were 
removed en bloc The sigmoid was again resected, leaving a small stump of rectum m 
the rectovesical pouch which was turned m by silk sutures The proximal loop was 
brought out the upper end of the left rectus wound and cigarette drains \\ere placed m 
the rectovesical pouch The lower portions of the ureters were, of course, removed with 
the bladder The patient withstood this procedure well Some difficulty was encountered 
with the ureterostomies, but the patient improved to such an extent that he was up and 
about the ward After several months of improvement, his condition began to decline 
and he died with palpable carcinoma in the rectal stump and obvious metastases in the 
liver, 13 months after the first resection, and six months after the radical resection of 
the bladder, prostate, seminal vesicles, ureters and sigmoid 

Discussion Because of the site of invasion tvhich was in close proximity 
to the interui etei al iidge, the bladdei involvement was not gnen a proper 
margin m the first opeiation The second radical resection was, in reality, 
experimental, but might have offeied the patient a slight chance of lecoveiy 
It IS obvious from the course that had the second radical proceduie been 
carried out oiiginally, a better result may have been anticipated 

SUMMARY 

It should be pointed out that a ledundant sigmoid colon is one ivhich 
attaches itself to the bladdei and, theiefore, alloivs extension of its tumois 
into the bladder If no redundancy is pi esent, the sigmoid usually lies against 
the posterioi abdominal and pelvic walls, which position 1 educes the possi- 
bility of extension The redundancy, howevei, is an asset if resection is to 
be performed 

The use of preliminary colostomy and piophylactic sulfonamide therapy, 
as well as the other better known preoperative agents, is lecogmzed in the 
preparation of these patients for operation 

These cases are presented as evidence siippoiting radical operations 111 
malignant disease of the sigmoid with extension into the urinai}'^ bladdei 
It is suggested that neoplastic involvement of the bladdei is no reason, in 
itself, to withhold the radical operation Partial resection of the urinaiy 
bladder may be accomplished without significant dangei to the patient 01 
resultant malfunction of the genito-urinary system The opeiation of total 
cystectomy, seminal vesiculectomy and prostatectomy, combined with resection 
of fbc sigmoid neoplasm cit bloc — if that is necessaiy to offer cine — is dem- 
onstrated to be possible 

Whether or not the patient with bilateral uretei ostomies and permanent 
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colostomy is one whose life in such a state is a fair exchange for death fiom 
caicinoma of these organs cannot be decided with accuiacy until many similar 
cases and then expeiiences are lecorded 

Discussion — ^Dr Vernon C David (Chicago) Doctor Bowers has brought to 
our attention a very important viewpoint in the treatment of malignant lesions of the 
large bowel, in that he advocates in this radioresistant group of tumors an extension of the 
indications for radical removal The principles underlying this extension of indications 
for radical surgery must include a reasonable mortality rate and long-term survival rate 
as well as reasonable assurance that the growth and its extensions are completely removed 

I have been asked to discuss this paper because Doctor Gilchrist and I have recently 
reviewed our experience during a ten year period, of 179 radical operations for cancer of 
the rectum, where there were 74 favorable cases, with no question of operability, and an- 
other group of 105 patients having one or more doubtful factors which clouded opera- 
bility (Table I) 


Table I 

CAUSES or QUESTIONABLE OPERABILITI IN 10$ PATIENTS 


Over 6s years of age 38 

One or two nodules m the In er 15 

Adiposity 10 

Obliterative pelvic peritonitis p 

Resection of prostate or urethra with the rectum ‘ 7 
Resection of rectovaginal septum with the rectum 6 

Peritoneal plaques over the tumor S 

Diabetes S 

Removal of all or part of uterus or adnexa 4 

Adherent to prostate (removal of capsule) 4 

Adherent to bladder 4 

Adherent to rectovaginal septum 6 

Adherent to sacrum 4 

Adherent to uterus i 

Resection of another loop of bowel i 

Marked coronary disease 2 

Pregnancy 2 

Removal of local recurrence 3 

Fixed to abdominal wall 2 

Asthma and bronchiectasis i 

Involvement of inguinal nodes 2 

Double carcinoma of the rectum i 

Involvement of rectal fistula by adenocarcinoma of 
the rectum i 


133 

In the favorable group the hospital mortality was 4 3 per cent, and in the doubtful 
factor group it was 9 5 per cent 

In the group where the indications for operation were liberal there were 38 patients 
over 65 years of age with a mortality of four, or 10 5 per cent (Table II) 


Table II 


age and radical operation for cancer or thf rectum 


18 patients between 65-70 > ears 
12 patients between 70-75 icars 
4 patients between 7S-80 jears 
4 patients between 80-85 years 


I death — embolism 
I death — embolism 
I death — pneumonia 
I death — pneumonia 


38 patients o\ er 6s J ears 4 deaths — 1 o 6% 


Where the tumor was adherent to structures outside of the bowel we resected part of 
the prostate in ii, the rectovaginal septum in six, the dome or posterior half of the 
bladder m one, a part of the base of the bladder in five the uterus or adnexa in fne, the 
ureter in two the urethn in one and another loop of bowel in one In this group of 
patients there were three postopcratii c deaths In four other patients with carcinoma 

993 



RALPH F BOWERS 


Annals of Surgery 
June 1942 


of the Sigmoid we resected the dome or posterior half of the bladder, with one death 
Time docs not permit details of long term survival but I can say that while there will be 
a higher percentage of local recurrence in this group than in a favorable group, there will 
also be many patients who live three to five years after the operation 

We have not been impressed with the soundness of undertaking radical operations 
where definite liver involvement is present However, there arc patients having one or 
two doubtful nodules in the liver at the time of operation where the differential diagnosis 
between cancer and adenoma or lymphangioma of the liver is difficult to make We be- 
lieve It proper to carry out the radical operation in such patients Of i 6 such instances 
four have died of cancer of the liver on an average of ten months following operation 
four are alive three to five years postopcrativcly 

Adiposity obliterative peritonitis lymph node enlargement, circumscribed perfora- 
tion of the tumor or fixation to the abdominal wall have not been considered as contra- 
indications to radical removal of the tumor In carcinoma of the sigmoid descending 
colon and cecum, with fixation to the abdominal wall wide removal of the abdominal 
wall with the tumor has resulted in several five-year cures 

Until surgery is supplanted by a better method of treatment in cancer of the bowel 
we believe that the indications for radical surgery should be broadened for even though 
the mortality rate will be higher and recurrences more frequent, a larger number of patients 
will be given the chance of a long term cure 

Dr Richard K Gilchrist (Chicago) On examining specimens of carcinoma 
of the sigmoid which required resection of viscera firmly adherent to them we have been 
surprised to see how often this fixation is due to inflammation and not to extension of 
the tumor 

This slide shows the resected specimen of carcinoma of the sigmoid with resection 
of a full-thickness of the bladder The large marker leads into an abscess cavity bctvveen 
sigmoid and bladder the three smaller markers serve to identify diverticula above the 
tumor 

The second slide shows this same specimen from the other side Sections through 
the wall of the bladder fail to show carcinomatous invasion the fixation was by inflam- 
mation It is interesting to note that the three diverticula arc in line with the point of 
fixation around the abscess 

This second patient had a large carcinoma and the resected specimen of the sigmoid and 
full-thickncss of the bladder is shown There arc three fistulac into the bladder each of 
these showed carcinomatous infiltration 

Of five specimens where the full-thickness of the bladder was resected with the car- 
cinoma of the sigmoid one had carcinomatous infiltration in three the fixation was by 
firm inflammatory adhesions and one specimen was lost and the original sections were not 
taken through the adherent area Interestingly enough among nine other specimens of 
carcinoma of the sigmoid firmly adherent to other loops of bowel uterus or abdominal 
wall, the fixation was due to inflammation in seven and infiltration in two 

It seems to me that we arc apt to lose sight of the fact that the sigmoid may have 
become firmly adherent to the bladder or other viscera as a result of previous diverticulitis 
Carcinoma is then superimposed upon this With obstruction and the accompanying 
inflammation, it is impossible to tell the extent of the carcinoma Of course, the inflam- 
matory fixation may be due to slight perforation of the tumor and infection about this 
These findings have led us to the conclusion that in carcinoma of the sigmoid the local 
mass outside of the bowel is very apt to be due to inflammation This inflammation 
either arises from diverticula or results from inflammatory perforation of large obstruct- 
ing tumors Many of these can be successfully resected with a fair chance of permanent 
cute One precaution must be taken When the tumor is firmly adherent to another 
structure there is often an abscess between the two Therefore we do not separate firmly 
adherent structures but attempt to resect a sufficient layer of the structure adherent to the 
sigmoid so that the abscess is not opened 

Dr Richard B CATTELL (Boston) Doctor Bowers has taken a step that I think 
is very laudable in extending operative indications to a very marked extent Doctor 
Sugarmaker and I have just reported this month on our cases from 1939 through 1941 
Eighty-six per cent of all patients during that period with carcinoma of the bowel had 
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a resection Twenty per cent of all of those cases had invasion of some organ, either 
bladder, small intestine, or other organs Ten per cent of them had liver mctastascs and 
during this period we have resected the secondary metastasis in the liver in three cases I 
think that until we have tried extensive resection in malignancy much more than we have 
at present, we should continue with such efforts as Doctor Bowers has made 

Dr Ralph F Bowers (closing) I want to thank Doctor David and Doctor Cat- 
tell for expressing an opinion about these radical procedures 

Doctor Gilchrist made a point that I believe got us into trouble in the last case It 
is almost impossible, with the extensive infection that is present, to tell which is infection 
and which is tumor Our experience with the first three cases has shown that the invasion 
of the bladder was not as marked as we thought But we were able, by reason of that 
fear, to give the involved portion of the bladder a very good margin In the last case, be- 
cause extension was in the region of the trigon, we believed that infection would be pres- 
ent to a greater extent than tumor therefore, the conng-out, and, subsequently, the 
recurrence 

I did not make the point clear but I think that in the last case had we undertaken 
the radical procedure, with the first part of the operation, we might have offered now a 
permanent cure 




LONG REMEMBER 

In the Civil War nothing was known of "germs ” Bacteriology was an 
unknown science 

‘ It can be understood ' wrote Dr William W Keen "why we surgeons 
in 1861—65 utterly unaware of bacteria and their dangers, in our ignorant 
innocence committed grievous mistakes which nearly always imperilled life and 
often actually caused death May te bon Dieu forgive us our sins of ig- 
norance We operated in our old blood-stained and often pus-staincd coats, 
the veterans of a hundred fights We operated with clean hands in a social 
sense, but they were undisinfcctcd hands To the surgeon the spotless hands 
of a bride are dirty We used undisinfectcd instruments from undisinfected 
plush cases, and still worse, used marine sponges which had been used in prior 
pus cases and had been only washed in tap water If a sponge or an instru- 
ment fell on the floor it was washed and squeezed in a basin of tap avatcr 
and used as if it were clean 

"Our silk to tic blood vessels was undisinfcctcd One end was left long 
hanging out of the wound and after three or four days was daily pulled upon 
to see if the loop on the blood vessel bad rotted loose When it came away, 
if a blood clot had formed and closed the blood vessel, well and good, if no 
such clot had formed then a dangerous ‘secondary’ hemorrhage followed and 
not seldom was fatal The silk with which we sewed up all our wounds was 
undisinfcctcd If there was any difficulty in threading the needle w'c mositcncd 
It with (as avc now know) bactcria-ladcn saliva, and rolled it between bac- 
tena-infccted fingers We dressed the w'ounds w'ltb clean but undisinfcctcd 
sheets shirts, tablecloths, or other old, soft linen rescued from the family rag 
bag We had no sterilized gauze dressings, no gauze sponges ’’ 

— Ciba Symposia 
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THE MECHANISM OF ACTION OF ROENTGENOTHERAPY 

UPON INFECTION^ 

J Dkwpy Bisgabd, M D , Howard B Hunt, M D , Orvis A Neely, M D , 

AND 

Paul Scott, M D 
Omaha, Nebu 

FROM DtPAKTMFNTS OF SUnGFRI AND RADIOLOOl, OM\ FIISITA Ol NHIIHSN A COM 1 OF OF MF DICINF , OM AFF A, NEDR 

Among both smgeons and i oentgenotherapists there is much difference 
of opinion regarding the value of roentgen ra}' irradiation in the treatment of 
acute infections This may be attributable, at least m part, to the fact that it 
IS difficult and often impossible to evaluate, by clinical means alone, the merit 
of a therapeutic agent which has an effect short of a specific one Such an 
evaluation is possible only by means of conti oiled comparative studies in 
volume, ciicumstances attainable onl}' in animal evperiments A report of 
an investigation of this kind follows 

Expeuments — The oiigmal problem was designed to determine the effect 
of the sulfonamide drugs as well as loenlgen ray n radiation upon peritonitis 
But, as the investigation progressed, certain unanticipated findings appeared 
and alteied the direction of study Since the mtiapeiitoneal route of bac- 
terial inoculation was used m the original experiments it was continued 
thioughout, to provide a consistent basis for comparison Foi the inoculations 
a pathogenic cultuie of hemolytic E coh was used This culture was ob- 
tained from the Agricultural College, where it had been isolated from calves 
afflicted with a severe epidemic type of dysenteiy Its minimal lethal dose 
for rabbits was established at two slants of 48-houi growth 

The micro-organisms from the slants weie injected into the peritoneal 
cavity suspended in a standard solution of gastiic mucin In each series of 
experiments several animals were inoculated at the same time and, to be more 
certain that each animal leceived an equal numbei of micro-organisms, the 
slants were pooled, and from the pool each animal 1 eceived 20 cc of the mucin 
suspension, which m each instance piovided the minimal lethal dose of bac- 
teria One and usually two 01 more lecipients of each pool were leserved 
as control animals to verify, constantly, the virulence of the cultuie On three 
occasions a control survived, and in each senes repiesented by these conti ols 
all observations were discaided as invalid and the investigation halted until 
the original virulence of the cultuie had been restoied by passage thiough 
animals 

The only criterion by which the effectiveness of the therapeutic agent was 
judged was survival and, to a lessei extent, the duiation of survival No 
records of temperature or other physical evidence of infection and toxemia 
were obtained 

* Read before the American Surgical Association, Cleveland, Ohio, April 6-8, 1942 
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In several animals the evolution of the peiitoneal exudate was followed 
At frequent intervals after inoculation, exudate was aspirated and the bac- 
teria and leukocytes in ten representative fields w^ere counted and an average 
value calculated But as it became apparent that these studies made no con- 
ti ibution to the problem at hand they were discontinued as a routine procedure 
Foi the same leason this data is omitted from this leport except for the twm 
illustiative lecoids (Table I) 


Table I 

RFPRESEVTATtVE PERITONEAL EXUDATES OP RABBITS AFTER IVTRAPERITOVFAL INOCULATION WITH A CULTURB 

OF HEMOL\TIC L coU IN 20 CC OF GASTRIC MUCIN 

Inoculated 


Rabbit No * Time of Smear 

Progress 

Bacteria 

Polys 

Phagocytes 

Monos 

10 4-4-40 

3PM 

I slant 

about 36,000 M 




4-4-40 

6pm 

Very ill 

Packed 

SS 

Occasional 

2 

4-S-40 

7AM 

Verv ill 

Approx 

80 

2 

I 




100 




4-S-40, 

2PM 

Improved 

82 

78 

10 

3 

4-6-40, 

2AM 

Much 

Scattered 

48 

7 

S 



improved 

in clumps 




4-8-40 

5 P M 

Well 

Occasional 

10 

8 

8 

14 4-4-40 

3PM 

2 slants 

about 72 000 M 




4-4-40 

6 P M 

Very ill 

Packed 

21 

0 

4 

4-4-40 

8pm 

Moribund 

Packed 

12 

3 

I 

0 

1 

1 

10 P M 

Dead 






Both rabbits are from series used to establish a constant minimal lethal dose Rabbit No lo received a 
sublethal dose 

Postmoitem examinations w^ere made on all animals, but since there was 
no consistent or significant difference m the findings within the peritoneal 
cavity individual leports aie omitted In no instance was there a pictuie of 
peiitomtis as obseived m man Theie was ahvays an increased amount of 
peritoneal fluid vai ying fi om 5 to 30 cc It was slightly to moderately tin bid 
and usually blood-tinged but never thick and grossly pin ulent The peritoneal 
surfaces were only slightly to model ately injected but, m common w^ith the 
omentum, usually contained a few to numerous punctate areas of hemorihage 
There was definitely moie injection of the peritoneal surfaces of the irradiated 
animals The bowel was distended Fibrin w'as singularly absent The 
pleural cavities usually contained a small amount of clear fluid 

In five animals blood cultures w^ere taken immediately following inoculation 
and eveiy 15 minutes for one houi All cultures w^ere sterile 

In establishing the minimal lethal dose of the culture it w'as found that the 
quantity necessaiy consistently to cause death did so within 12 hours Some 
of the animals wdiich survived longer than 12 hours when a lesser dose w^as 
given, lecovered Theiefoie, the larger or consistently fatal doses w'ere used 
throughout the experiments 

The Effect of Sulfanilamide and Sulfathiazole — In eight rabbits the ab- 
domen w^as opened undei local infiltration anesthesia In each of six, one Gm 
of sulfanilamide powdei was spread widely o\er the peritoneal cavity, and 
111 two of these the abdomen w'as simpl} closed In the remaining four, the 
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wounds were closed around small catheteis through which the peritoneum 
was inoculated and then the catheters lemoved This procedure assured re- 
tention of all the injected fluid Two animals served as controls and received 
only inoculations given through catheteis 

The two controls died in six and ii hours, the four sulfanilamidized and 
inoculated rabbits died in foui , five, eight and ten horn a The two which re- 
ceived only sulfanilamide suivived and despite the fact that they leceived 
enormous doses, at no time did they show evidence of diiig intoxication 

An identical senes of studies with sulfathiazole gave essentially the same 
results, except that one of the two rabbits which received only sulfathia/ole 
died on the third day, with postmoiteni findings of patchy consolidation of 
both lungs 

In a thud series, seven labbits were given the ciiltuie intrapentoneally 
Two seived as contiols and died in five and one-half and seven hours One 
hour befoie inoculation each of the lemaimng five weie given 50 cc of o 8 
pel cent solution of sulfanilamide subcutaneously They died foiii, five, five, 
SIX, and eight hours aftei inoculation 

In a fouith series, four rabbits were given the cultiiie and i Gm of sulfa- 
nilamide intrapentoneally and one, a control, was gnen the cultuie only 
This senes diffeied fiom the others in that the pentoneal cavity uas not 
opened The sulfanilamide poudei along with the bactena was suspended 
in the solution of mucin and deposited in the pentoneal cavity through a 
needle All animals died The penods of stiivival weie five, ten, 14, and 
14 houis The contiol lived ten houis 

Not only did the use of sulfanilamide and sulfathiayole powdei, as topical 
applications, and as subcutaneous injections, fail to pi event death of these 
animals, but it aerially deci cased the duiatton of suivival 

RoentgenotJiei apy — All animals leceived iiiadiation according to a fixed 
foimula It was given through one antenoi j 50 it ovei the entire abdomen, 
with the remainder of the body shielded with lead It was delivered through 
an mheient filtei of 3 Mm aluminum and an added filtei of o 5 Mm copper 
and I Mm aluminum at 50 cm taiget skin distance, activated by 140 kilovolt 
constant potential, and 15 milliampeies The intensity of the beam was 20 r 
per minute, measured 111 an The dosage was detei mined by the duiation of 
exposure and was vaiied accoiclingly 

Postinoculation Iiiadiation — Ten rabbits were inoculated with two slants 
in 20 cc of mucin Two served as contiols, and eight received loentgen lay 
irradiation immediately after inoculation Of these two received a single 
dose of 100 r , and two, a single dose of 200 1 within 20 minutes aftei in- 
oculation They survived only five hours 

Four received 20 1 every two hours until they died five, six, six, and 
seven hours after inoculation Both contiols died in five hours A possible 
cause of failure of roentgen ray 11 radiation to altei the course of events re- 
sulting from the inoculation in this series of animals is suggested 111 the results 
of the subsequent experiments 
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P) emociilaUon h i adtatwn — The labbits in this senes leceived roentgen 
ray iriadiation at periods prior to inoculation varying fioni i6 weeks to 24 
hours In all, there were eight different intervals of time betneen inadiation 
and inoculation, and because the expei imental proceduie vas not constant 
this senes is leported undei eight headings 


PERCENTAGE OE SURVIVORS AFTER INOCULATION 
AND X RAY THERAPY 



HOURS DAYS 

DOSE IN UNITS 100 100 106 200 lOOI 100 + 

Chart i — When inadiation was gucn after inocul ition there 
were no surtivots but when gneti 24 hours prior to mocuhtion 
one half of the animals survned Protection reached a peak in 48 
hours and then nas lapidlj dissipated 


DURATION Oh SURVIVAL AFTER INOCULAlION AND 
\ RAY IHERAPN 


ALIVE AFTER 

24+-HRS 

12 HRS 
9 HRS 

6 HRS 
3 HRS 


CONTROL 24 48 3 b 7 2 4 6 W 16 

HOURS OATS WEEKS 

PERIOD BETW EEN X RAY AND INOCUL NTION 

Chart 2 — From this scattcrgrain it is apparent that the major 
jtv of the animals in the groups nhich rccened irradiation from 
24 hours to five daas before inoculation, and died, sunned longei 
than those of the other groups 



Qioup I — Theie weie six labbits in this gioup Two icccued a single 
dose of 100 1, ttvo a total dose of 300 1 in tluce dad} doses, and two leceived 
a total dose of 600 r , administeied in six daily doses The latter two animals 
developed diairhea, from which one died 

Sixteen weeks aftei the last loentgen ray treatment these animal;, weie 
inoculated, and four died withm eight hours while one sunned Two con- 
trols died in six and one-half and eight hours 
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G) oups II, III, IV and V — These groups differ from the preceding 
one, only m respect to the intervals of 12, eight, six, and four weeks, re- 
spectively, which elapsed between the time of irradiation and inoculation 
Eight of the original 24 animals which were iriadiated died during the 
waiting period The remaining 16 died within ii hours after inoculation 
The three controls died m four, six, and eight hours 

Gioup VI — There were four rabbits m this group, two received 100 r, 
and two, 200 r of roentgen ray irradiation in single doses They were in- 
oculated seven days later, and one of the two, which received 100 r , or 25 
per cent of the group, survived The others died in eight, eight, and nine 
hours 

Gionp VII — There were eleven rabbits in this group Four received 100 
r , and four, 200 r of roentgen ray inadiation in single doses, while three were 
used as controls Five days later all weie inoculated, and two, or 25 per cent 
of the irradiated animals, survived The others died in seven, nine, nine, ten, 
ten, and li hours, and the controls died in five, nine, and nine hours 

Gi oup VIII — Eight rabbits were inoculated three days after receiving 
roentgen ray irradition (four, 100 r, and four, 200 1 ) Four (two, two), 
or 50 per cent, survived The others died in six and one-half, nine, ii, and ii 
houis Three additional rabbits which served as controls died in five, six, 
and SIX hours 

Gioup IX — Six rabbits were inoculated 48 hours after leceivmg 100 r 
of roentgen ray irradiation Four, 01 666 per cent, survived and t\\o died 
in nine and 12 hours Theie were three controls, and these died m four, 
SIX, and ii hours 

Gtoup X — Out of SIX rabbits inoculated 24 hours after receiving 100 r 
of roentgen ray irradiation there were three, or 50 per cent, survivors The 
three fatalities occurred m nine, 12, and 12 hours Tlie three controls sur- 
vived only SIX, seven, and seven hours 

From this series of studies it is apparent that roentgen ray irradiation 
provided these animals with a consideiable degree of protection against the 
inoculation of the lethal agent This protective factor conveyed by 11 radia- 
tion was apparent within 24 hours, attained a peak of effectiveness on the 
second and third days, and then rapidly diminished The number of animals 
used in these studies is much too small to provide statistical deductions The 
figures have been reduced to percentages meiely for pui poses of visualizing 
apparent trends 

Killed Cultwes — Because all of the animals became prostrated within two 
or three hours after inoculation and because those that failed to survive 
died within 12 hours, and many within the brief period of four hours, an 
interest m the cause of death was aroused It seemed unlikely that an 
infection could establish itself and develop to lethal proportions m such a 
brief period of time It seemed probable that there was inherent in the 
culture, at the time of inoculation, a lethal dose of toxin To determine the 
validity of this hypothesis the following studies were carried out with the 
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same culture, killed by heating in a water bath of boiling uater for 12 
minutes The death of the culture was verified by failure of growth on cul- 
ture media 

Eight rabbits weie given mtrapei itoneal inoculations of two slants of 
the killed culture in 20 cc of saline Seven died and one completely lecovered 
One survived thiee days, and the others died m seven, eight, eight, nine, 
12, and 18 horns 

From this data it seems reasonable to conclude that m the previous ex- 
periments with the live culture the animals died not fiom established peri- 
tonitis 01 fiom infection pei se but rather fiom toxemia, that is an in- 
toxication fiom the toxic factor which was present in lethal quantit) at the 
time of inoculation 

At this point in the investigation and upon the suggestion of Dr Alfred 
Brown, determinations of the hematocrit and quantitatue measurements 
of serum protein weie made upon five labbits befoie, and five hours aftei, 
mtraperitoneal inoculation of the killed cultuie The first specimens were 
taken when the animals uere in noimal health and the second ones when 
they were prostiated Because these studies showed the development of 
the blood changes characteiistic of shock, hemoconcentiation and hypo- 
pi oteinemia, with the development of prostiation, it seems fair to assume 
that the state of toxemia pioduced by both the live and killed cultuies was 
essentially a state of shock The results of these blood studies are detailed 
m Table II 


Table II 

Serum Protein M M Packed Red Cells 



Normal 

Inoculated 

Normal 

Inoculated 

I 

s 98 

4 78 

30 

34 

2 

6 47 

4 92 

31 

38 

3 

S 8S 

4 62 

25 

36 

4 

6 22 

S IS 

27 

36 

S 

6 IS 

S 02 

30 

37 

Av 

6 13 

4 9 

28 6 

36 2 


Obviously, the next problem to be investigated was the effect of prophy- 
lactic roentgen ray irradiation upon animals inoculated ’with the killed culture 
Five rabbits weie given 100 r each of loentgen lay 11 radiation, and 48 
hours later were inoculated with two slants of the killed cultuie Three, or 
60 per cent, of the senes survived, and two died m 12 and 16 hours Two 
additional animals wdiich seived as controls died in eight and 12 hours 
With this evidence that piophylactic loentgenotherapy is capable of 
1 educing mortality fiom the killed culture, there aiose the question of the 
mechanism involved Is it a local effect resulting from the action of the 
rays upon the peiitoneum or is it a general one^ 

It had been observed that 48 hours aftei irradiation the peritoneal 
cavity contained an nici eased amount of fluid, and that this fluid was \er} 
slightly blood-tinged Microscopic studies had revealed the presence of 
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numerous red blood cells but only an occasional white blood cell and plasma 
cell It seemed probable, howevei , that this fluid might contain some element 
which neutiahzed the toxin contained in the killed culture Consequently, 
foul rabbits weie given lOO i of roentgen ray iiiadiation, and 48 hours 
latei were killed The peiitoneal cavity in each instance was opened and 
washed with 20 cc of saline, which, as it was recoveied by aspiiation, 
carried along with it a maximal quantity of the peritoneal fluid This fluid 
fiom each of the four animals was pooled and then mixed with eight slants 
of the killed cultuie, and aftei standing foi 30 minutes at 100m temperature 
was injected into the peiitoneal cavities of four stock labbits All, or 100 
per cent survived Two contiols, lun simultaneously, died within 12 
hours 

To deteimme that this protective piopcity lesulted from loentgeno- 
theiapy and was not a noimal constitutent of peiitoneal fluid, peritoneal 
washings fiom foui untieated (stock) animals weie obtained, pooled, mixed 
with eight slants of the killed culture and, aftei 30 minutes, injected into 
the peritoneal cavities of foui stock labbits Thiee of them died in seven, 
nine, and 12 hours and one suivived Because this suivivor never appeared 
ill it IS possible that the fluid was injected into the lumen of the bowel 
Upon the assumption that the piotective factoi piesent in the peiitoneal 
fluid following iriadiation might also be piesent in the blood stieam, four 
rabbits were given 100 r, and 48 houis latci weie exsanguinated by cardio- 
hemacentesis The blood thus obtained yielded 84 cc of seium, which was 
mixed with eight slants of the killed cultuie and, aftei remaining foi 30 
minutes at room tempeiature, was injected in equal quantities intraperitone- 
ally 111 four stock rabbits Thiee, or 75 pei cent, suivived, and one died 
aftei foui days Two controls died in ten and 14 hours 

The influence of seium fiom iiiadiated animals upon the live culture 
was tested in two rabbits The pioceduie diffeied fiom that used in the 
preceding expeiiment only in that the live culture was used Both animals 
survived A single contiol died in ten houis 

As in the case of the peiitoneal fluid there was the question of the 
presence of a piotective factor in the seium of the noimal untieated rabbit 
Consequently, the seium fiom foui such animals was mixed with eight slants 
of the killed cultuie and, aftei 30 minutes, was injected into foui stock 
animals Three died in eight, 14, and 17 houis, and one suivived 

The excellent survival lecord in this last gioup of expeiiments may be 
attributed to the probable fact that the toxicity of the killed cultuie was 
much reduced before it was injected, as a lesult of its contact with the 
serum or peritoneal fluid foi 30 minutes pieceding injection That this 
seium from irradiated animals contained an antitoxic factor seems a justi- 
fiable conclusion and, quite naturally, led to speculation lelative to the pos- 
sibility of using it for passive immunization The question Does this serum 
retain its efifectiveness when given subcutaneously or inti avenously either 
previous to, or simultaneously with, inoculation > 
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Five labbits weie given subcutaneously an equal share (24 cc ) of pooled 
seium obtained fiom five othei labbits, which 48 boms previousl} had 
leceived 100 1 of loentgen lay irradiation One hour latei each animal 
was given an iiiti apei itoneal injection of two slants of the killed culture 
suspended in 20 cc of gastiic mucin The interval of one hour between 
the admmisti ation of the serum and the inoculation was allow^ed to gne 
an oppoitumty for the absoiption of the seium Three, or 60 per cent, 
suivived, and twm died in nine and 16 hours Five labbits w^eie given seium 
intiavenously and immediately inoculated Except foi the diffeience m the 
route of administration of the seium the technic was the same as that de- 
scribed above One died while the serum was being given and befoie in- 
oculation and, theiefoie, w^as discaided Of the lemammg foui, two, or 50 
pel cent, suivived, and two died The deaths occuired in 16 and 22 hours 

Five animals used as contiols foi both groups died within ten houis 

It should be noted that the animals w'hich received the seium and failed 
to sui vive lived longei than the controls 

To control the intei pi etation of the lesults of this senes of experiments 
the same experimental pioceduie w^as earned out m six rabbits using 
noimal seium for the subcutaneous injections 111 place of seium from 
11 radiated animals Turn, 01 333 pei cent, suivived, and foui died The 

fatalities occuiied in nine, nine, ii, and 20 houis Theie w'eie thiee 

rabbits used as controls, and all of them died within nine houis Although 
theie w^ere only one-half as many suivivois 111 this senes as in those m 
which serum from iriadiated animals was used, it is significant that one- 
thud of the animals did suivive 

Combined Roentgen Ray and Sulfanilamide Tlioapy — When it evolved 
that the killed culture was as lethal as the living one, the failure of sul- 
fonamide theiapy became undei standable But aftei the effectiveness of 
loentgen lay madiation became appaient it seemed piobable that these 
tw^o agents might supplement each othei and inciease the numbei of sur- 
vivois Foi this leason the following study w'as made Ten labbits were 
given 100 1 of loentgen ray madiation, and 48 houis latei w^eie inoculated 
wnth the live cultuie Four of them leceived no furthei tieatment, but 
each of the lemammg six w^as given o 5 Gm of one of the tw'o suhonamides 
(sulfanilamide and sulfathiazole, thiee each) in the inoculation fluid Tw'o, 
01 50 pel cent, of those wdnch leceived only madiation suivned, w'hile twm, 
o* 33 3 pel cent, of those wdnch leceived both madiation and chemotherap) 
suivived The fatalities occuiied wnthin ten hours There were two coii- 
tiols Both died wnthin eight houis Although this is loo small a senes 
foi moie than a lelative comparison, it is obvious that the sumval record 
w^as not impioved by the addition of sulfonamide therapy 

Diphtheua Toxin — All studies, thus far, pertain to one certain culture, 
alive and killed endotoxin Theie aiises, therefore, the question of specificity 
of loentgen lay irradiation foi this particular culture and its toxin As an 
effoit to answ'ei this question a stud) of the effect of proph) lactic irradiation 
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upon rabbits inoculated with diphtheria toxin"^ was made Diphtheria is repre- 
sentative of exotoxins Its minimal lethal dose for guinea-pigs had been 
established m the donor’s laboratories This dosage was found to be con- 
sistently lethal for rabbits With this toxin prostration developed more 
slowly and the animals survived much longer than did those which received 
the killed culture The average suivival period was 52 hours 

To deteimme the direct influence of irradiation, 16 rabbits were given 
100 r of roentgen ray irradiation, and 48 hours later the diphtheria toxin 
m 2 cc of water mtraperitoneally Ten, or 62 5 per cent, completely re- 
covered The average duration of survival of the six that died was 61 
hours Twelve labbits used as controls and inoculated at the same time, 
all died The average survival period was 50 hours 

It IS planned to determine the influence of peiitoneal fluid and blood 
serum from irradiated animals upon this toxin, as was done m the experi- 
ments with the killed culture These studies are m progress 

Discussion — Although this study was suggested by a clinical problem it 
IS reported m terms of factual data as observed in rabbits From this data 
no direct clinical implications aie justified, and none are intended 

As stated previously, it was the purpose of the original problem to deter- 
mine the effect of the sulfonamide drugs and of roentgenotherapy upon 
peritoneal infections produced by several different micro-organisms acting 
both alone and in combination But this problem was abandoned for the 
one reported above, aftei it was learned that the first culture used was as 
lethal after it had been killed as it was alive, and after the unexpected finding 
that preliminary roentgen ray irradiation of the animals reduced the mortality 
from this culture both killed and alive 

Three cultures of hemolytic E coli were obtained from diffeient sources 
and only one proved to be pathogenic foi rabbits This culture produced 
within two or three hours profound prostration, which was accompanied in 
all of the five animals in which blood studies were made by hypoprotememia 
and hemoconcentration Because this state of shock developed so soon, and 
progressed to a fatal termination so rapidly, following the administration 
of the killed as well as the live culture, it seems reasonable to assume 
that death resulted from profound toxemia Granting this assumption, it 
follows, then, that the culture contained a lethal quantity of toxin at the 
time it was injected into the animals Consequently, any further production 
of toxin or other lethal factor as a result of growth of the bacteria m the 
peritoneal cavity was superfluous If, therefore, the action of the sul- 
fonamides IS bacteriostatic, the cause of failuie of these drugs to influence 
the course of events is obvious This may be the explanation of some 
failures of these drugs in clinical cases 

When It was discovered that some of the animals which had received 
roentgen ray irradiation 24 hours to five days befoie inoculation with the 

* This toxin was provided through the courtesy of Eh Lilly and Company 
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lue cultuic had lecoveied, it was thought that lecoveiy might be attiibuted 
to the inflammatoiy leaction of the peiitoiieum caused by irradiation This 
explanation. ho\ie\cr, was invalidated subsequently by the observation that 
piehininai} iiiadiation lesulted in an equal numbei of smvivors among the 
animals gnen the killed cultuie Thus iiiadiation m some manner lowered 
morlaht) fiom toxemia 

These findings ga\e use to the question of mechanism Did the local 
inflammation of the tissues incited by ii radiation interfere with absorption 
of the toxins oi did the tissues develop some factor capable of neutralizing 
the toxins ’ W as the pi otective factoi a local one, pi esent only m the tissues 
which had been iiiadiated, oi w'as it a geneiahzed one^ It had been ob- 
sened that the peiitoneal fluid was always increased in quantity within a 
few houis aftei iiiadiation It seemed piobable that this fluid might con- 
tain a factor capable of neutiahzing the toxin and so, 48 hours after ir- 
radiation (the optimal peiiod), the peiitoneal fluid was aspirated along with 
the saline used to wash it fioni the peiitoneum When these washings were 
mixed iu vttto with a lethal dose of eithei the killed or live culture the 
toxins were sufiiciently augmented 111 each instance to render them in- 
capable of killing the animals Peiitoneal w'ashings from nomrradiated rab- 
bits did not exeit this influence 

Since the same augmentation w^as obtained from an admixture of the live 
and the killed cultuie and seium from animals irradiated 48 hours pieviously, 
It is apparent that wfliatever the product lesulting from 11 radiation, it was 
present in the blood stream and thus geneially disseminated Because one 
out of four animals suivived after leceiving a mixture of normal serum 
and the killed culture, it appeals that some rabbits’ seium may normally 
contain the augmenting factor, or that the survival of this animal and, in 
part, the survival of those which received serum from irradiated animals 
resulted from the beneficial effect of serum upon shock 

When serum from irradiated animals was given intiavenously or sub- 
cutaneously prioi to intrapentoneal inoculation, the survival record was 
slightly more than 50 per cent, a bettei record than that obtained from 
normal serum used m the same way It is inteiesting that the results from 
the use of serum from irradiated animals are comparable to those obtained 
111 the animals which weie inoculated 48 hours after they had been irradiated 

The effect of irradiation given 48 hours prior to the intrapentoneal in- 
jection of a lethal dose of diphtheria toxin was determined for the dual 
purpose of reevaluating wnth another toxin the observations made thus far, 
and of determining how specific was the antitoxic factor which resulted 
from irradiation A survival record of ten out of 16 rabbits so treated 
IS indicative of the presence of a nonspecific antitoxic substance 

CONCLUSIONS 

As an attempt to explain these observations the following theory is 
offered as a mere suggestion Roentgen ray irradiation caused injury to 
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the tissue cells In response to this insult the cells or some group of cells 
liberated a protective or antitoxic factor 

Whatever the nature of the protective mechanism, tune was required for 
Its development It was present 24 hours after irradiation — how much earlier 
IS a problem which will be investigated It apparently developed too slowly, 
however, to be of benefit to the rabbits which received irradiation after they 
were inoculated It reached its peak of effectiveness m 48 hours, and by the 
seventh day it appaiently had been entirely dissipated 

This investigation has given use to many questions foi fuither study, 
questions of optimal and minimal dosages of roentgen ray 11 radiation, the 
effect of irradiation of portions of the rabbit’s body other than the abdomen, 
and the reaction to irradiation in other animals, etc 
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THE OPERATIVE REPAIR OF MASSIVE RECTAL PROLAPSE* 

Roscoe R Graham, M D 
Tohonto, Cvnvda. 

Prol\pse of the lectum \anes in degiee fioni the minor cases in which 
onh the niiitous iiiembiane of the anal canal oi lowei lectum is piolapsed, 
to the instance of massive piolapse in which the piolapse assumes enoimous 
pioportions and includes all the coats of the lectal wall In the thiee cases 
we aie lepoitmg, the piolapse started m childhood and had gradually m- 
ci eased m si/e until it occuiied not only duimg defecation, but also when the 
patient walked about In two patients the piolapse assumed such magnitude 
as to constitute a inajoi disability at age 26 The thud case was able to carry 
on until age 42 It is notew'Oithy that these patients suffered a piogressive 
inciease in the sue of the piolapse ovei many yeais In none of the three 
patients was the piolapse less than six inches in length (Fig i) 

On examining these patients, the most outstanding observation w^as that 
the lumen of the lectuin piesented on the posteiior quadiant of the prolapsed 
mass The long axis of the lumen w^as at light angles to the long axis of the 
body (Fig 2) In Figure 2 the coik in the lumen indicates the site and 
diiection of the canal This led to the conclusion that the prolapse was more 
at the expense of the aiiteiioi than the posteiioi rectal w^all The prolapsed 
mass w'as lesonant on peicussion, and, on occasions, guighng w^as heard 
cluiing attempts at reduction Aftei 1 eduction of the prolapse, the anal 
sphmctei w^as so sti etched that it very poorly closed the anal canal, but m two 
instances one could see the patient w'as able voluntaiily to contiact it In 
Case 3 theie w^as no visible evidence of the patient’s ability to do so In two 
cases theie w^as a definite sulcus about thiee-quaiteis of an inch long between 
the anal canal and the prolapse In Case i no such sulcus was piesent, the 
prolapse being so complete that the anal canal was everted Moschcowitz^ 
made an impoitant observation “If, after reducing the prolapse, the patient 
sti allied while the examining fingei is piessed anterioily in the lower rectum, 
the prolapse would not recur, whereas if piessuie were made posteriorly the 
prolapse recui 1 ed immediately ” 

The disability which these young individuals suffered was very great, not 
only economically but sftially The problem which they presented to the 
surgeon demanded careful consideration Moschcowitz’^ article published 
111 1912, 30 years ago, advanced the suggestion that a massive rectal prolapse 
resulted from a sliding hernia of the anteiior w'all of the rectum at the level 
of the cul-de-sac of Douglas 01 lectovesical pouch Our interest in sliding 
hernia of the sigmoid^ led us to consider seriously this hypothesis Yet if 
this be the coirect etiology, the treatment suggested by Moschcowitz of 

=*■ Read before the American Surgical Association, Cleveland, Ohio, April 6-8, 1942 
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plicatmg the pei iloneum of the cul-de-sac of Douglas or rectovesical pouch is 
inefficient It would be comparable to plicatmg the sac of an inguinal hernia 
without removing it and without any attempt at lepairmg the defect in the 
wall 

The injection tieatment suggested by Gabriel is comparable to the injec- 
tion tieatmeiit of an inguinal hernia, weie one to dispense with the pressure 
of a tiuss dm mg the couise of tieatment If our obseivation be sound, that 



— _ - 1 

Tic I — The size of the prohpse cm be conipnred to the size of 
an adult fist 



Fir 2 — With the patient in the knee chest position the prolapse 
IS seen from behind The position and dnectioii of the Uinieii of 
the rectum is indicated b> the cork placed in the liinien 

the prolapse occurs at the expense of the anteiioi latlier than the posterior 
rectal wall, which is veiy little disturbed, then the pioceduie of Lockhart- 
Mummeiy and Pembeiton is unsound Then technic is aimed at the fixation 
of the posterioi rectal wall, which is little altered from its normal i elationship 
to the sacrum 

The fact that after i eduction of the prolapse, pressure anteriorly by the 
examining fingei in the rectum prevented its recuirence even with straining, 
was the most important single observation confirming the hypothesis that the 
lesion was essentially a sliding hernia of the anterior wall of the rectum 
(Fig 3) 
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Tic 3 — The !n\^glnatIon of the anterior rectal vail into itself and 
thioiigh the ami eanal separates the fascial and muscular supports of the 
rectum and oaerstretching results iii incompetence of the anal sphincter 
The lengthening of the mesenter> of the small bowel occurs o\er the ^ears to 
such a degree that small bowel lies within the hernial sac of a massue 
p-olap'-e 
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In tins jnecbanism the natinal defect in the pelvic fasua which peinnts 
the passage of the leclinn thiough the pelvic diaphiagm is enlaiged by the 
contents of the ciil-de-sac of Douglas oi lectovesical pouch piessing downward 
into the anteiioi lectal ivall This inci eased bulk of lectiim fuithei separates 
the levaloi am b} sti etching the pelvic fascia, which noimally unites them 
medial!} This likewise deci eases the noimal fixation of the lectum at this 
ie\el The sepaiation of the levatois peimits sufficient anteiioi wall of the 
icctum to be mvagmated into the lumen of the lectum that the lattei pro- 
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Fig 4 — The dissection completed identifies the ureters, the seminal 
\esicles and the separated levator am muscles identified b> the sutures They, 
with the overljing fascia, aie approximated with locked math ess sutures of 
silk This closure m one case was lemforced by a strip of fascia lata suture 


trades thiough the anal canal As this occurs, the couise of the rectum is 
straightened and the noimal angulation of the lectum at the level of the pelvic 
floor IS eliminated The posteiior wall of the rectum is cained forw^ard from 
the hollow of the sacrum, making the rectum now almost a straight tube, 
with the fascial supports most inefficient, due to the overstretching Over the 
years there has also occuiied elongation of the mesentery of the small bowel, 
permitting the latter to he m the hernial sac, and this accounts for the 
tympanitic note on percussing the prolapse, as well as explaining the gurgling 
which was elicited on attempts at reduction 

This conception of the mechanism of production of massive rectal prolapse 
IS not new, nor w^as it new with Moschcowitz, as it was first propounded 
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by Jeannell, in 1890 This conception, however, appealed to us so strongly 
that we felt it pointed a way to safe and adequate treatment, using the same 
principles as are applied in the operative repan of all heiniae, particularly 
sliding herniae - 

If this conclusion be correct, then the adequate treatment should be 
removal of the sac and repair of the anatomic defect in the wall The ana- 
tomic defect IS in the pelvic fascia, just as in a diiect inguinal hernia the 
defect IS in the transversahs fascia Hence, we must restoie the normal 
relationship of the pelvic fascia to the rectal wall, as well as obliterate the 
peritoneal sac 


Closure of 
peritorveum. obli 
PoucK of Doi 

\ 


Pelvic fescia- over 
Levator Ara muscles 
uruled irv rrud-liTve 

Fig 5 — The le\ator am muscles are approMmated and their 
fascial covering united to the rectum by interrupted silk sutures 
This may be reinforced by sutures of fascia lata This appro\ima 
tion of the levators replaces the rectum in its normal relation to the 
hollow of the sacrum and prevents the prolapse The redundant 
peritoneum of the pouch of Douglas is excised and on closing the 
posterior parietal peritoneum the pouch of Douglas is obliterated 



To achieve this, it becomes imperative that we open the peiitoneal cavity 
The following aie the details of the operative proceduie (Fig 4) With the 
patient in the Trendelenberg position, under spinal anesthesia, the abdomen is 
opened by a large incision displacing the lower left lectus laterally The 
small bowel is packed off with hot sponges Two points were noted First, 
there was an unusually deep cul-de-sac of Douglas or rectovesical pouch, 
second, an unduly mobile rectosigmoid, due to the fact that the lectum was 
pulled forward, had a mesentery thioughout the greater part of its length, 
and did not he as is usual in close contact with the sacrum Gauze on the 
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end of a sponge foicep placed on the bottom of the cul-de-sac of Douglas oi 
lectovesical pouch, with downwaid piessure readily invaginated the anterior 
lectal wall into the lectal lumen The defect in the musculai pelvic floor 
could leadily be palpated This invagination was easily carried through the 
anal canal, and lepioduced the massive lectal prolapse, and convinced us 
that it really was due to ti sliding hernia of the anterior wall of the rectum 
Furthermoie, this prolapse was readily reduced by upward traction on the 
lectosigmoid junction Having convinced ourselves of these facts, the peri- 
toneum of the cul-de-sac of Douglas or rectovesical pouch was opened and 
dissected free fiom the extrapei itoneal fat and areolai tissue The ureters 
weie then identified and suriounded with tape, in order to retract them later- 
ally A furthei dissection of the peiiiectal fat made possible the visualization 
of the seminal vesicles and the widely sepaiated fascial-covered medial bor- 
ders of the levator am muscles With the rectum pulled well up into the 
abdomen, and starting just behind the piostate, interiupted locked mattress 
sutures of silk weie placed m the fascia covering the levator am muscles 
These sutuies united the levators until their lesultant approximation forced 
the rectum back into the hollow of the sacrum (Fig 5) In Case 3 this 
repair was leenfoiced by a single sutuie of fascia lata This maneuver restored 
the noiinal angulation of the rectum It was then no longer possible to 
mvaginate the anterior wall of the rectum through the anal canal Piessure 
exerted at the level of the rectum and new pelvic floor forced the rectum into 
the hollow of the sacrum, not toward the anal canal Interrupted silk stitches 
then united the lateral rectal wall to the fascia over the right and left levators 
(Fig 5) This appeared to give a very adequate support to the rectum, 
particularly to its anterior wall, which is so impoitant in preventing a re- 
curience of the massive prolapse Excision of the redundant hernial sac 
and suture of the pelvic peritoneum obliterates the cul-de-sac of Douglas or 
rectovesical pouch entirely The abdomen is then closed without diamage 
On return to the ward, the patient remains recumbent, with the foot of 
the bed elevated ten inches, for one week A low-residue diet is given Every 
effort IS made to prevent a stool for a week to ten days, at the end of which 
time oil enemata are usually effective in pioducmg a stool The patient is 
encouraged to practice contraction of the overstretched anal sphincter many 
times a day, in order that it will regain its tonicity The following are the 
details of the thiee cases 


CASE REPORTS 

Case I —Hospital No A64821 W J P , male, age 26 Admitted April 12, 1939 
Mass first present at age six, gradually increased m size, and recently appeared with 
slight straining when patient was erect The mass had to be replaced by manipulation 
There was marked urgency of defecation 

Examination — The mass was as large as a man’s fist, and could be prolapsed volun- 
tarily In the knee-chest position it could be replaced by violent movements of the 
abdominal muscles No ulceration was present There was no sulcus at the anal 
sphincter, as the anal canal was also prolapsed The mass was tympanitic on percussion, 
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and the lumen of the rectum pointed backward With a finger in the rectum, pressure 
anteriorly controlled the prolapse 

OperaUon — April 24, 1939 Primary healing , Discharged May 16, 1939 Has had 
no further trouble, and is doing hard physical work in a tannery at the present time 
Case 2 — Hospital No A82662 W B , male, age 42 Admitted April 4, 1940 Pro- 
lapse first noticed at age eight Now comes down with stool and has to be replaced The 
size has increased markedly in the previous five weeks Now has a mass 6x8 inches 
protruding from anus, and reduction becoming difficult (Fig i) 

Examination — ^Well nourished, sphincter contraction visible and surprisingly good 
tone The mass is difficult to replace There is no ulceration and no hemorrhage The 
lumen points posteriorly The mass is resonant on percussion (Fig 2) With a finger 
in the rectum, pressure anterioily controlled the prolapse 

Opeiahon — April 12, 1940 Had slight superficial wound separation due to coughing 
from a respiratory infection Good recovery Complete relief, with a very slight prolapse 
of one area of anal mucous membrane on straining At present is working m munitions 
plant as a laborer 

Case 3 — ^Hospital No A995S4 G 1 , age 26 Admitted April i, 1941 to the 
Neurologic Service, with headaches, fainting attacks, and a multiplicity of complaints 
Only organic finding was rectal prolapse piesent since childhood Had to be replaced 
after each stool Marked increase m size of prolapse during past five jears, becoming 
difficult to replace, and on admission prolapse occurs on walking or any exertion 

Examination — Sphincter lax No evidence of contraction could be demonstrated by 
the patient On straining, the rectum prolapsed at least six inches, a sulcus is present 
between the anal canal and prolapse about one-half inch deep By introducing two fingers 
into the rectum and pressing anteriorly, the prolapse could be prevented as the patient 
strained Pressing posteriorly into the hollow of the sacrum while the patient strained, 
permitted recurrence of the prolapse 

Opeiation — May 10, 1941 Bowels moved on tenth day Primary union Discharged 
Ptogiess — No further prolapse of the bowel Slight prolapse of mucous membrane 
treated by injections of 2 cc phenol and almond oil Some difficulty in controlling stool 
for four months At present has perfect control of bowel movements On examination, 
the tone of the sphincter am is remarkable, but not as strong as normal Her neurologic 
symptoms have nearly all disappeared She is working in our hospital as a ward aid at 
the present time We are indebted to Dr Keith Welsh for the privilege of seeing and 
reporting this third case 


CONCLUSIONS 

(1) Massive rectal prolapse is a sliding hernia of the anterioi rectal 
wall through the anal canal 

(2) The lumen of the lectal canal points posteiioily as the piolapsed mass 
is formed laigely at the expense ot the anteiior lectal wall 

(3) This lesults m an ovei stretching of the pelvic fascial suppoits of the 
rectum 

(4) With the examining fingei in the rectum, the piolapse can be con- 
trolled as the patient strains if pressuie be exerted anteriorly, wdieieas if 
pressure be exerted posterioily, the prolapse will recur 

(5) The treatment of this condition should be planned to apply the basic 
principles undei lying the treatment of all heniiae — first, lemove the sac, sec- 
ond, restore the defect m the w^all 

(6) A procedure is presented wdiich fulfills these requirements 
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(7) It has been successfully earned out on thiee patients Two have 
returned to hard labor , the third is working as ward aid in our hospital 

(8) The letuin of tone in the anal sphincter is most remarkable 

REFERENCES 

^ Moschcowitz, Alexis V The Rational Treatment of Sliding Hernia Surg, Gynec, 
and Obstet, 81, 330, January, 1925 

- Graham, R R The Operative Repair of Sliding Hernia of the Sigmoid Annals of 
Surgery, 102, No 4, 784, October, 1935 

Discussion — Dr Vernon C David (Chicago) Doctor Graham has limited 
his discussion to the type of prolapse of the rectum m which the anus, including the 
patulous sphincter muscles, prolapses with the four to six inch tube of bowel carrying 
With it the cul-de-sac of Douglas In principle, the treatment he advocates requires an 
abdominal approach opening of the cul-de-sac, and the approximation of the levator 
muscles by suture m front of the rectum He is to be congratulated on the results in the 
three cases he reports 

To present a slightly different viewpoint, I should like to point out that the levator 
muscles, which have a very delicate fascial covering, completely encircle the rectum and 
their highest or superior surface is at about the level of the sacrococcygeal junction To 
tighten these muscles by suture via the abdominal approach in the depth of the pelvis is 
a difficult procedure, and I should like to ask Doctor Graham if be finds it necessary to 
cut the triangular ligaments of the rectum, which he below the culdesac, before he reaches 
the levator muscles When the levator muscles are divided, as in removal of the rectum 
posteriorly, the rectum is still firmly anchored in place by the fascia propria, which is a 
dense fascia about one millimeter thick, firmly attached to the sacrococcygeal junction 
posteriorly and anteriorly to the prostate which it completely envelops Before the rectum 
can be mobilized this fascia must be cut 

It IS my belief that it is not only the atrophy and weakness of the levator muscles and 
depth of the cul-de-sac which favor this type of prolapse but more particularly a weakness 
and stretching of the fascia which allows the rectum to completely prolapse carrying the 
cul-de-sac with it In repair of this type of prolapse we, therefore, believe that the structures 
in most need of support arc in the prolapsed segment of bowel and on its outer surface, 
namely, the fascia propria and levator muscles We also believe that the atonic sphincter 
muscles, which have been greatly dilated by the prolapse of the bowel and levator muscles 
through them, are a factor which favors early recurrence of the prolapse 

With these anatomic facts in mind I should like to call your attention to the opera- 
tion for the repair of this type of prolapse originally proposed by Delorme, in 1890, and 
first earned out by Rehn, in 1896 This operation is easily carried out under novocain 
anesthesia and consists in the removal of the mucosa of the prolapsed segment from the 
mucocutaneous line to the apex of the prolapse The muscularis of the bowel, levator 
muscles, and fascia propria in the outer layer of the prolapse are collapsed like a closed 
accordion by longitudinal puckermg-stitchcs, which reduces the prolapse and makes tighter 
the supporting levator muscles and fascia propria and places the puckered mass of muscle 
and fascia above the sphincter muscles, which are narrowed below it by angulating 
stitches The excess of freed mucosa is then cut off and the cut surface sutured to the 
skin This operation accomplishes everything but obliteration of the cul-de-sac I first 
saw Doctor Bevan perform this operation, and I have earned it out in iz cases, with 
good results, and no massive recurrences In women, where the perineal body is gone and 
the levator muscles arc widely separated it is advisable to perform a later perineorrhaphy 

This type of prolapse demands, essentially, strengthening of the pelvic fascia and 
levator muscles In my opinion this may be best accomplished by the abdominal opera- 
tion described by Bardenheuer, Moschcowitz, and Graham, or by the Rehn-Delorme opera- 
tion from below 

Dr Charles G MIXTER (Boston) Massive rectal prolapse, particularly of the 
recurrent variety, is frequently a dTscouraging lesion from the surgeon s viewpoint Doctor 
Graham has presented to us a well-conceived operation that has been successful in the 
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three patients he has subjected to this procedure, and m skilled hands it should yield 
good results It is, however a procedure of considerable magnitude The lesion occurs 
many times in the aged and, perhaps, enfeebled group It might not be amiss to bring 
before this Association briefly a simple procedure that has yielded satisfactory results in 
the two cases upon whom I have had the opportunity to try it 

The abdomen is opened through a low left rectus muscle-splitting incision A small 
opening is made in the pelvic floor on either side of the rectosigmoid The rectum is 
mobilized by blunt dissection and cigarette wicks arc inserted to stimulate fixation of this 
bowel segment by resultant fibrosis The wicks arc brought out through stab wounds 
above the inguinal ligament on either side Further experience may prove this step to 
be unnecessary The sigmoid which is usually redundant is brought out of the abdominal 
wound in a manner similar to a subcutaneous loop-colostomy or prccolostomy The 
distal limb of sigmoid should run tautly downward from the lower angle of the wound 
to the rectosigmoid The proximal sigmoid reenters the abdomen at the upper end of 
the incision All layers of the abdominal wall except the skin and superficial fascia are 
closed in a routine manner beneath the exteriorized sigmoid through an opening estab- 
lished in the mesentery The fat is separated from the anterior rectus sheath and allowed 
to gape to accommodate the loop and the skin is closed over the bowel Care must be 
taken not to constrict the lumen where the bowel enters and leaves the abdomen 

Two cases both having had three previous procedures, have been treated by opera- 
tion based on the principle of fixation of the sigmoid in the abdominal wound In the 
first case, a woman of about 40 a double-barrel colostomy was done, the bowel later 
opened, the spur crushed and the colostomy closed This patient has remained free of 
recurrence and with satisfactory bowel function for two and one-half years The second 
case was a rather feeble woman in the late sixties, who was operated upon by the method 
outlined above She had no difficulty in moving her bowel postoperatively It is now 
about nine months since operation and I understand she has had no recurrence though 
I have not had an opportunity to examine her personally 

The results in two cases are insufficient to draw conclusions from, but suggest that 
this simple procedure may be worthy of further trial, particularly where relief must be 
given in the poor-risk group 

Dr John Pemberton (Rochester Mmn ) Since Doctor Graham mentioned the 
operation that I described four years ago I would like to run over, very briefly the prin- 
ciples of It, which are similar to what Doctor Mixter has described 

I think the fundamental principles of rectal prolapse are about the same that you 
see in the colostomy If the distal segment or the segment just distal or just proximal 
to the colostomy is fixed you will not get a prolapse of the colostomy if you get up 
close to the descending colon but if you take it in the middle of the sigmoid, then you 
are very likely to get a prolapse 

You cannot make a complete fixation of the rectum unless you divide the pelvic 
peritoneum so this is done either on one side or both sides Then the rectum is freed 
up from the segment going down there This permits fibrosis to take place here which 
you can readily determine by examining the rectum digitally after incision This is freed 
up and we get a space between the rectal wall and the sigmoid, until it heals The prob- 
lem IS of course to suspend the sigmoid afterward The suspension will not hold but 
if It holds temporarily, for a couple of weeks I believe the fixation will hold up 

Four years ago I reported six cases that we had operated upon I think the longest 
case was two or three years Since then we have done others, but of those six cases I 
know that one has had some recurrence of the prolapse 

Dr ROSCOE R Graham (closing) I have just one thought and that is to state 
our amazement at what happened at the anal sphincter In the patient whom you saw 
in the moving picture there was no visible evidence, whatsoever, that the patient could 
make the slightest contraction of the anal sphincter That was a year ago At the present 
time by encouraging her to voluntarily attempt contraction, she has an anal sphincter 
which is not as good as normal but is amazingly good in its grip of the examining 
finger The other two men had visible evidence at the time of operation and they have 
come back with exercise in a way that is remarkable While one is conscious of the fact 
that this is a major procedure it also is undertaken to correct a very major disability 
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The vital role of the liver in the formation of prothrombin is indicated 
both by animal expeiiments and by clinical studies Thus, Smith, Warner 
and Bnnkhous^ observed a precipitous fall to less than lo per cent of normal 
within 24 houis aftei chloioform anesthesia, and a return to normal after 
SIX days Warnei^ removed about two-thirds of the liver of the lat and 
noted a loweimg of the plasma piothrombm, followed by lecoveiy as the 
hepatic tissue legenerated Wairen and Rhoads,^ and Andrus, Loid and 
Moore'^ independently peifoimed total hepatectomy in dogs and found that 
the plasma prothi ombm fell progressively to levels almost too low to measure 
after 12 to 16 houis The latter authors also demonsti ated that even massive 
doses of vitamin K were ineffective 111 elevating the plasma piothrombm of 
the hepatectomized dog More recently, Bimkhous and Warner® have con- 
firmed the ineffectiveness of the vitamin after chlorofoim intoxication 

Bollinan, Butt and Snell,® studying chiomc hepatic injury pioduced m 
rats by means of caibon tetrachloride vapor, were able to demonstrate depres- 
sion of the plasma piothrombm levels as well as the failure of vitamin K 
to bring about improvement These authors also noted that a diet rich in 
carbohydiate delayed the onset of hepatic damage and prolonged the lives 
of the animals by as much as 50 pei cent 

Many obsei vers’^ have stressed the fact that the level of the plasma 
prothrombin is depressed m patients with hepatic disease and that under 
such cii cumstances the response to vitamin K theiapy is inadequate or even 
absent As yet, there is no coi relation between the type of hepatic damage 
and the lesponse to the vitamin, but most workers are m agreement as to 
the fundamental connection and as to the increase in the response as the 
condition of the liver improves 

These facts have suggested the use of the level of the plasma prothrombin 
and its response to vitamin K as an index of liver function Thus, Pohle 
and Stewait,^® m 1940, were the first to publish experience with such a 
method, suggesting specifically the response of a depressed level of plasma 
prothrombin as measured by Quick’s test to the administration of vitamin K 
and bile salts by mouth as a satisfactory method In their senes of 46 
jaundiced patients with reduced plasma prothrombin, 28 showed satisfactory 
response while m 18 the level failed to improve Wilson^® put forth the idea 

* Read before the American Surgical Association, Cleveland, Ohio, April 6-8, 1942 

This study was carried out under a grant from the John and Mary R Markle Founda- 
tion 
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that the level of the plasma prothrombin might be consideied as an index of 
hepatic function, and in 36 cases found a close correlation of this value with 
the results of the hippunc acid test 

However, both the above methods aie subject to certain eriois Pohle’s 
and Stewart’s method may give inaccurate impiessions because of possible 
failuie of absorption fiom the intestine in the presence of disease of the 
digestive tract and in the lare but definite instances of defective absorptive 
mechanisms Wilson’s employment of the level of the plasma prothrombin 
fails to take into account the othei factois aside from liver damage which 
may cause lowering of the prothiombin level 

Since October, 1939, we have studied the application of the level of 
plasma piothrombin and its response to intiamuscular 2-methyl-i, 4-naphtho- 
quinone as a measure of liver function 111 some 86 cases, and with certain 
restrictions find it perhaps the most accurate method available We prefer 
the parenteial loute — intiamuscular in all our own cases — for the reason 
that we have encountered at least two othei wise normal individuals in 
whom, despite the presence of bile in tbe intestine and appaiently normal 
liver function by several tests, the plasma piothrombin was depressed to 
about 60 per cent of noimal and could not be elevated by vitamin K adminis 
tered by mouth with or without bile salts Intrainusculai injection \\as 
followed by a prompt elevation to noimal This we can only explain by 
postulating a defective absorption fioiii the intestinal tiact 

We, therefoie, have adopted the thesis — which is well borne out by clinical 
data to be piesented below — that the level of the plasma piothiombin if below 
80 per cent in a given case is an index of the performance of the livei 
while the response to 2 mg of 2-methyl-i, 4-naphthoquinone administered 
intramuscularly indicates whethei any depiession of this function is or is not 
due to 01 game liver disease 

We have compaied this method with the galactose toleiance, hippunc 
acid and bromsulfalem clearance tests in thiee groups of selected cases In 
a group of seven patients with Laennec’s type of ciiihosis of the liver the 
plasma prothiombin failed to use by moie than 6 pei cent after the mtra- 
musculai injection of 2 mg of menadione This failuie to lespond, we feel, 
indicates intrahepatic disease of a significant degiee, but piognosis is only 
possible when the test is employed on seveial occasions and the tiend obseived 
The galactose tolerance test was used in six of the seven patients with ciirhosis 
of the liver, and was abnormal in only foui The hippunc acid test was less 
accurate than the galactose tolerance test, being below'- 100 pei cent (3 Gin ) 
111 only two out of five of the cases The bromsulfalem test stood last in 
point of accuracy with thiee noimal results m thiee cases of cirihosis 

In a group of nine cases with cataiihal jaundice the plasma prothiombin 
test showed impaiied hepatic function 111 seven instances, and in geneial 
paralleled the seventy of the disease The galactose tolerance test was equally 
accuiate in this group, showing greater than 3 Gm excieted m seven out 
of nine patients The hippunc acid test w-as abnoimal in thiee out of seven 
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cases, while the biomsulfalein test \\a.s abnoimal (lo per cent letained) in 
one case of catairhal jaundice pioved at operation, in which the othei thiee 
tests weie normal 

The third group of patients studied suffeied fiom obstructive (extia- 
hepatic) jaundice due to a vaiiety of lesions The plasma piothiombin le- 
sponse was good m all of ii cases m which it was used, while the galactose 
toleiance test was noimal in only six out of nine cases The hippmic acid 
test was normal m seven out of eight, and the bromsulfalem test was noimal 
in all foui cases m which it was used In this group of patients with extia- 
hepatic jaundice the question aiises as to whethei the iinpaiiment of hepatic 
function as detei mined by the galactose tolerance test is oi is not significant 
If significant, then the plasma piothrombin test is less sensitive in this gioup 
than the galactose toleiance test It seems cleai that the bromsulfalem test 
was the least sensitive m each of the three groups of cases and that the 
plasma prothrombin and galactose toleiance tests yield the most significant 
results The hippunc acid test falls between the galactose tolerance test 
and the bromsulfalem test in point of accuracy 

An important application of liver function tests is in the field of diffeientia- 
tion between obstructive jaundice of intrahepatic and extrahepatic origin 
Such diffeientiation is fiequently possible because the mtiahepatic lesions 
causing jaundice, such as catarrhal jaundice, cirrhosis, etc, aie associated 
with hvei damage, whereas in obstiuctive jaundice due to choledochohthiasis, 
injection and edema of the common duct or tumors of the panel eas the livei 
IS usually noimal unless the jaundice is of long standing A wide vaiiety 
of tests have been used to this end but only a few have stood up under iigid 
clinical application 

The galactose toleiance test was employed by Shay and Schloss,^^ and 
by Schiff and Senioi,^'^ who reported excellent lesults, but Banks, Spiague 
and SnelB® found the test of no real value m the diffeientiation of the two 
tjpes of cases Recently Bassett, Althausen and Coltrin,^^ using a modifica- 
tion of this test, found that 82 per cent of a group of patients with extra- 
hepatic obsti uction of the common duct had less than 20 mg per cent“ of 
galactose m the blood 75 minutes aftei injection, while 81 pei cent of those 
with paienchymatous jaundice showed blood levels above this figuie In 18, 
01 19 pei cent of the cases, therefore, the teSt failed to give an accuiate 
diagnosis 

The cephalin-cholestei ol flocculation test of Hangei^® has been highly ac- 
cuiate 111 the hands of its mventoi, being coiiect in 58, 01 92 pei cent, of 
63 cases Rosenbeig“^ confirmed this finding, and obsened that m jaundice 
of lecent origin a stiongly positive flocculation test indicated an intrahepatic 
oiigin, while a negative or faintly positive test suggested an extrahepatic 
cause for the jaundice Pohle and Stewait,”- howevei, found the test un- 
satisfactoiy in the diffeiential diagnosis of jaundice, as it was strongly 
positive in SIX of 23 patients with obstiuctive jaundice of extiahepatic origin 

Loid and Andius-® have used the lesponse of the plasma piothrombin 
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level to menadione administered intramuscularly as a means of determining 
the site of origin of obstructive jaundice and obtained a high degree of 
accuracy Thus, it was coriect m 32 of 36 cases of intrabepatic jaundice and 
m 49 of 50 cases of extrabepatic obstruction of the common duct, an over-all 
accuiacy of 94 per cent There were 20 additional cases of extrabepatic 
jaundice, not included m the above group, whose initial prothrombin level 
was over 80 per cent, a finding which, when present in jaundice, has always 
indicated it to be of extiahepatic oiigin 

The technic employed was as follows Determinations of the level of 
plasma prothrombin aie made on two successive days by the Warner, Brink- 
hous and Smith test,-'* and if the two levels are within 5 per cent of each 
other, 2 mg of menadione are injected intramuscularly, and the prothrombin 
IS determined at intervals of 24, 48 and 72 hours On the other hand, if 
there is a difference greatei than 5 pei cent m the two initial levels of pro- 
thrombin, the level is determined on the thii d day, and so on, until the levels 
on two successive days are found to be within 5 per cent of each other 
When such agreement occuis, then the menadione is administered On no 
occasion have we found it necessaiy to determine the piothrombm for more 
than three successive days before injecting menadione 

Lake, using a modification of the method of Agien and Lagerlof-' for 
measuring the external secretory function of the panel eas, with intravenous 
secretin as the stimulus, has studied about 34 patients including a number of 
cases of obstructive jaundice Agren’s and Lageilof’s method has also been 
employed by Diamond and Siegel,-® and by Piatt, Brugsch and Rostler-’* 
The method consists, essentially, 111 obtaining duodenal secretion by means of 
a double lumen duodenal tube and, after collecting a control sample, inject- 
ing secretin mtiavenously Further samples are collected ten, 20, 40 and 60 
minutes later, and the total volume of secretion together with the sodium 
bicarbonate, tiypsin, diastase and lipase content measured The average and 
minimal normal values are as follows 



Average 

Minimal 

Volume cc 

Bicarbonate 

203 cc 

94 

Highest concentration 

99 6 

76 milli equivalents 

Total output 

ISI 

62 NaHCOj^ 

Diastase 

432 

238 units per 6o' 

Trypsin 

47 

20 units per 6o' 

Lipase 

12,260 

6,000 units per 6o' 


By means of the combined use of the lesponse of the plasma prothrombin 
level to intramuscular menadione and a study of the amount of pancreatic 
ferments in the duodenal contents, it has been possible to localize some of the 
lesions causing obstructive jaundice with a high degree of accuiacy The 
first of the following cases demonstrates the application of these tests in the 
diagnosis of carcinoma of the common duct not involving the ampulla, while 
the second indicates a possible source of error in the presence of an aberrant 
pancreatic duct 
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Case I — N Y H No 309635 J M , male, age 70, entered the hospital complaining of 
jaundice and itching of the skin of six weeks’ duration The family history and past his- 
tory were noncontributory The salient features of the present illness began six weeks 
prior to admission and consisted of jaundice, itching of the skin and clay-colored stools 
The jaundice persisted without remission, and over the past six months there had been 
generalized weakness and a loss of 35 pounds in weight, with poor appetite Bowel move- 
ments had been regular and there had been no bloody or tarry stools 

Physical Eiaimnatioii — The patient was a well preserved, deeply jaundiced male who 
appeared acutely and chronically ill The skin, aside from the jaundice, showed many 
scratch marks over the trunk A grayish, raised area was seen on the anterior thorax in 
the third interspace, and over the spinous process of the third lumbar vertebra was a large 
sebaceous cyst 3x2x3 cm There was no lymphadenopathy and the heart and lungs showed 
no abnormalities 

Abdominal examination showed the wall to be soft and relaxed The liver was 
palpable 7 cm below the costal margin in the midclavicular line, and was smooth and soft 
in consistency Two large inguinal herniae extending into the scrotum were evident The 
remainder of the physical examination, except for a moderately enlarged prostate, was 
negative 

Laboiatoty Data — On admission Urine — sp gr fixed between 1012 and 1016, 
albumin 2+ , 8-10 W B C per high power field , occasional hyaline cast Bile pigments 
were present in the urine Blood — ^liemoglobin, ii Gm , RB C 3 million, W B C 8,200, 
with normal differential Kline negative The BUN varied from 17 to 64 Blood sugar 
63 , chlorides 400 on one occasion and 540 on another The serum protein varied from 
57 to 70 Icteric index on admission, 112, rising later to 187 The stools were negative 
for bile G I series was negative Chest film showed an elongated and tortuous aorta and 
slight pulmonary emphysema The plasma prothrombin level was 38 per cent of normal 
on admission, falling to 18 per cent on the second day The administration of vitamin K 
was promptly followed by a rise to 73 per cent, which subsequently reached 100 per cent 
on one occasion, and remained above 66 per cent at all times 
Studies of the pancreatic secretion showed the following 


Volume cc 

Highest bicarbonate level 

Total output 

Diastase 
Trypsin 
Lipase ' 


187 cc 

114 milli equivalents 


p I 

\io / 

149 7 units per 6o' 

34 units per 6o' 
12,747 units per 60' 


This indicated a normal response, except for a somewhat low diastase value resembling the 
results seen in pancreatitis 

The normal response of the plasma prothrombin level to intramuscular menadione was 
strong evidence that the jaundice was due to obstruction of the common duct, and the 
presence of normal amounts of the external secretion of the pancreas indicated patency of 
the pancreatic duct The obvious diagnosis was, therefore, an obstruction of the common 
bile duct above the ampulla, and, at operation, a hard, nodular tumor mass was found 
extending from the junction of the cystic and common ducts down to the duodenum but not 
involving the ampulla Cholecystojej unostomy was performed, which functioned only 
temporarily as bile was present in the stools for only a few days He died on the twenty- 
third postoperative day, and at postmortem examination the growth was found to have 
extended to involve the cystic duct, thereby preventing the cholecysto-enterostomy from 
functioning 

Case 2 — NYH No 311583 J B, male, age 57, had complained of jaundice and 
itching for four weeks The family and past histones were irrelevant to the present ill- 
ness This began about six months previous to his admission, when he experienced four 
or five episodes of epigastric fullness coming on shortly after eating, and lasting for about 
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two hours Following this he had no further symptoms until about four weeks before 
entering the hospital when he had diarrhea for one week, passing ten to 12 stools a day, 
which were light in color At this time his appetite became poor and he began to note the 
jellowish discoloration of his skin The jaundice deepened steadily and was associated with 
Itching, dark urine and clay-colored stools He became more easily fatigued, and lost 20 
pounds in weight 

Physical E\ani\naiion — The patient was well-developed and well-nourished, deeplj- 
jaundiced, and m obvious distress because of itching of the skin The positive findings 
centered in the abdomen, where a mass was felt in the upper quadrants which extended 
about five fingers’ breadth below' the right costal margin This w'as quite obviously an 
enlarged liver and, extending from beneath it for about 8 cm , there presented a rounded, 
smooth, nontender mass representing an enlarged gallbladder 

Labo)atory Data — On admission Urine — sp gr i 012 to 1020 Blood — hemoglobin 
10 Gm , RB C 38 million, WB C 9,000, differential not remarkable Blood chemistrj 
Sugar, 78, urea nitrogen, ii , icteric index, 100, serum proteins, 66, chlorides, 620, CO- 
combinmg power, 52 

The study of the pancreatic secretion from the duodenal drainage showed 


Volume cc 

Highest bicarbonate level 

Total output 

Diastase 

Trypsin 

Lipase 


501 cc 

96 milli equivalents 

382 NaHCOa^ 

673 units per 60' 

IIS units per 60' 
31,886 units per 60' 


These results indicated an extremely active pancreatic response to secretin, much higher in 
all respects than the average normal values 

At operation, a tumor was found iinolving the second portion of the duodenum, 
the region of the ampulla and the inferior portion of the head of the pancreas The 
head and body of the pancreas, together with the entire duodenum to a point beyond 
the ligament of Treitz, w'as resected The remainder of the pancreas was implanted 
into the open end of the jejunum and an antecolic gastro-enterostomj and cholecysto- 
enterostomy performed The patient has recovered and is apparentlj w'ell three and 
a half months later 

Examination of the specimen revealed a carcinoma of the duodenum invading the 
pancreas and obstructing the ampulla There w'as a verj' large accessorj' pancreatic 
duct emerging about 5 cm proximal to the ampulla, explaining the presence of pan- 
creatic enzymes in the duodenum 

The piesence of such aberrant ducts ma} vitiate the accuracy of the secretin 
test in localizing obstructive lesions and the case (Case 2) herewith reported 
demonstrates the possibility of misleading lesults from this cause 

During the past decade, the condition of the livet has been studied in a 
vaiiety of suigical diseases, such as gallbladder disease, obstructive jaundice, 
and hypeithyroidism, with the result that renewed interest has been directed 
toward factors wdiich maintain and nnpiove hepatic function Coincident with 
these studies, thete has been much clinical and experimental w'ork on ciirhosis 
of the liver Although much 1 emains to be learned concerning the pathogenesis 
of cirrhosis, its prevention and treatment, and the optimal means of protecting 
the liver or of improving the function of the already damaged organ, signifi- 
cant mfoimation has been forthcoming 

Thus, the effect of anoxemia m pioducing hepatic damage has been demon- 
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strated by Ricli,“® and by Goldschmidt, Ravdin and Lucke,”®’ and its clinical 
significance has been emphasized by Judd, Snell and Hoernei Selection of 
the propel anesthetic in patients with diminished livei function, and the liberal 
use of oxygen therapy duiing the postoperative phase, is of gieat impoitance 
in preventing further damage to the liver, both in conditions such as hypei- 
thyroidism, m which oxygen requiiements are inci eased above the noimal, 
and in patients with pulmonary complications oi anemia, which may exeit 
anoxic effects on the hepatic cells 

The deleterious effects of mechanical trauma to the livei as i effected in 
the plasma piothiombm level has been demonstrated experimentally m the 
dog,^^’ emphasizing the necessity for handling the liver as little as possible 
during opei atioiis 

However, most important foi the pievention of hepatic damage and foi 
the improvement m function of an alieady impaired livei is careful dietary 
management of the patient For more than 30 years, expeiimental and clinical 
studies on the relation of various food factois to the livei have been cairied 
out, and recently significant facts have emeiged The favoiable influence of 
a high carbohydiate diet on the liver of rats to vhich chloiofoim had been 
administered and the adverse effect of fat in the diet was demonstrated by 
Opie and Alford Several woikeis confiimed the above findings, but re- 
cently Goldschmidt, and his coworkei s,^'^ observed that the proportion of fat 
m the liver was of more significance in its susceptibility to injury than the 
amount of glycogen piesent They postulated that fat m the hepatic cell acts 
as a site of retention for the chlorofoim and, b) fixing this ciiculatmg toxin, 
causes degeneration and necrosis By iiici easing both the fat and glycogen 
content of the liver simultaneously they weie able to shou that such an organ 
was exactly as susceptible to injuiy as one m which only the fat content uas 
elevated In othei words, the beneficial effects of glycogen were indirect, 
through displacing the fat in the livei cells and spaimg piotem 

The role of piotem and its influence on the hvei has been a subject of 
considerable contioveisy, but certain definite conclusions are now possible as 
a result of recent work by Ravdm, and his associates, and by Whipple, and 
his coworkers Bollraan and Mann^^ claimed that protein in the form of meat 
was almost as harmful to the survival of dogs intoxicated with lepeated small 
doses of carbon tetrachloride as was a high fat diet, and believed that it was 
not the protein per se, but lathei the watei soluble exti actives in meat which 
weie the responsible agents On the othei hand, jMessingei and Hawkins^® 
found that a high protein diet (meat in the foim of hambuig) was most effec- 
tive in preventing hepatic injury when intiavenous arsphenamme was em- 
ployed as the hepatotoxm Davis and Whipple^' leported that skimmed milk 
and casein have a marked protective action on the hvei against chloroform, 
while skeletal and cardiac muscle were far less effective Goldschmidt, and 
his coworkers, also submit evidence ol the impoitance of piotem in the 
protection of the liver against chloroform, pointing out that protein has the 
following four modes of action (1) Piobably some specific, and as yet un- 
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known action on the liver cell, (2) by displacing fat more effectively than 
carbohydrate, theieby making the liver less susceptible to injury, (3) through 
the fact that the liver is one of the chief storehouses of protein , and (4) by 
playing the major role m the regeneiative phase, which begins within 72 
hours of the oiiginal injury to the organ The above authors established the 
fact that protein causes a decrease m the fat content of the liver better than 
does carbohydrate both in lats poisoned with chloroform and in dogs with 
obstructive jaundice Lord, Andrus and Moore®” confirmed the efficacy 

of a high carbohydrate, high protein (milk as the source of protein), low fat 
diet in dogs with obstructive jaundice, demonstrating that animals on this 
carefully controlled diet lived an average of 75 days, in contrast to a group 
of dogs which lived an average of 47 days when kept on a regular balanced 
laboratory diet 

Miller, Ross and Whipple'^” have recently shown that methionine and 
cystine have a marked effect in protecting the hvei against chloioform anes- 
thesia in dogs with hypopioteinemia They believe that the specific action of 
these amino-acids is due to their SH"* groups which tend to spare the normal 
enzymes associated with the oxidation-reduction system in the hepatic cells 
(glutathione, etc ) It is their opinion that chloroform pioduces its toxic 
effect by injuiing these enzymes, and that an excess of groups as in 
cystine and methionine spares the cells m the presence of the toxic agent 
Since the milk protein, casein, is high 111 these ammo-acids, it seems likely 
that the specific effect of protein, postulated by Goldschmidt, and his co- 
workers, may rest on the same basis 

In addition to the above factoi s, the significance of total caloric content of 
the diet has been emphasized by Ravdin, and his coworkei who found that 
a high caloiic, general diet was of greatei value in loweiing the lipid content 
of the liver than was the intiavenous administration of glucose alone In 
fact, animals on the intravenous glucose regimen actually showed a small in- 
crease in the lipid content of the livei From this study the impoitance of a 
diet adequate in caloric intake becomes evident 

Finally, perhaps the most significant findings, 111 the expei iniental work 
on the influence of diet on hepatic function and stiucture, concern the impor- 
tance of certain vitamins and vitaniin-hke substances to the livei Best, and 
his associates,"*® ‘*® have reported an extensive study on the effect of choline 
on the metabolism of fat 111 the liver and have shown that this substance 111 
amounts as small as 5 mg pei day will cause a deciease 111 lipid content of the 
hvei of a rat on a high fat diet, and will also pi event the deposition of fat 
undei similar circumstances On the othei hand, these woikers were unable 
to demonstiate that choline had any protective action against fatty degenera- 
tion of the liver of rats poisoned with either phosphorus 01 carbon tetra- 
chloride, although It was most effective in cleai mg fat fi om the hvei poisoned 
with these agents Millei, Ross and Whij^jfle'*” confirmed the woik of Best, 


* SH=sulfydryl 
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and his coworkers/®’ finding that lecithin (5 Gm per day) for three days 
befoie chloroform anethesia, in piotein depleted dogs, failed to protect the 
liver Goldschmidt, Vars and Ravdm,^^ also, are quoted by Millei, Ross and 
Whipple,^® to the effect that choline was of no value 111 the piotection of the 
liver 

Forbes, Neale, and then associates, have isolated a crystalline sub- 
stance from hog hvei having a maikedly piotective action against chloroform 
and carbon tetiachlonde m rats They subsequently identified the substance 
as xanthine, and demonstiated that its action is neither on the fat content of 
the livei nor on the lipid level of the blood Forbes, Leach and Outhouse'*’’ 
believe that the susceptibility to carbon tetrachloride poisoning is not related 
to the lipid content of the liver but rathei to the active metabolism of fat in 
this organ 

Experimental necrosis and cirrhosis of the hvei also have been produced 
in the rat”” and rabbit,”* using special diets which weie deficient chiefly in 
the B complex. Rich and Hamilton”* finding that rabbits fed a diet adequate 
m every respect except for the B complex developed cinhosis of the liver m 
from 25 to 1 13 days If all of the then known synthetic vitamins of the 
B complex were added, including thiamine, nicotinic acid, riboflavin and Bo 
(pyridoxme), the cirihosis still occuired If, howevei, whole brewers’ yeast 
was administered, the changes in the livei were pi evented Kensler, and his 
associates,”^ using buttei -yellow (dimethylammoazobenzene) m the diet of 
rats have pioduced carcinoma of the liver in 96 per cent of the animals in an 
average of 150 days, but this was legularly prevented by the addition of whole 
brewers’ yeast However, pievention by nicotinic acid and iiboflavm was 
accomplished only 111 the piesence of laige quantities of those two synthetic 
vitamins, while riboflavin and casein showed excellent protection (seven per 
cent of the rats) Recently, DuVigneaud, and his coworkers,”® have found 
that the addition of biotin increases the incidence of carcinomata of the liver 
in rats fed butter-yellow and “bieaks through” the protective effect of diets 
containing riboflavin, casein and choline It is significant that cirrhosis pre- 
cedes the development of the neoplastic process m these animals 

Furthei evidence of a piotective factor in the B complex was adduced by 
Drill and Hays,”* who showed that normal liver function as measured by the 
bromsulfalem test can be maintained m dogs when thyroid extract was admin- 
istered, while impaiiment of hepatic function occuned regularly despite an 
adequate diet, unless supplemented with bi ewers’ yeast 

Daft, Sebiell and Lillie”” weie able to pioduce cirrhosis of the liver in rats 
on a special diet and could prevent it by adding casein (30 per cent of the 
diet), methionine (07 pei cent of the diet) or choline (20 mg daily) either 
singl}?- or in combination 

We”” have studied the protective effect of a number of substances against 
minimal liver damage by what appears to be a very sensitive method A 
description of the technic follows Normal adult dogs weighing about 10 Kg , 
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which have been kept on tlic legulai balanced laboiatoiy diet, are injected 
subcutaneously with minute amounts (o 03 to o 24 cc per Kg ) of chloroform 
dissolved in mineral oil, and plasma piothrombin determinations by the 
method of Wainei, Bnnkhous and Smith-'^ are earned out befoie injection, 
and evei y 24 hours thei eaftei , if possible, for one week The 24- and 48-hour 
samples aie the most important Although there may be a wide lange in the 
fall in the plasma prothiombin following the injection of any given amount 
of chloiofoini — animals new to the laboiatoiy usually show a greater fall m 
the level of plasma piothioinbm aftei the injection than animals which have 
been in the enviionment of the laboiatoiy for seveial months — ^111 geneial, a 
relatively constant fall occurs fiom animal to animal when the same amount 
of chloioform is used 

Plasma Prothrombin m Per Cent of \ormal 





Postinjection 


Chloroform 





Cc per Kt, 

Preinjection 

24 Hour 

^8'Hour 

0 03 


100 

75 

So 

0 12 


100 

>0 

60 

0 24 


100 

30 

<3 


Only an occasional acclimated dog shows jaundice when o 24 cc per Kg 
of chloiofoim IS injected, and most animals suivne o 5 cc and i o cc per Kg 
amounts This finding is in contiast to the effects of 20 minutes of light 
chloroform anesthesia, as desciibed by IMillei, Ross and Whipple'*® as their 
standaid dose, which caused jaundice and often death m the control animals 
Our dosage — 0 12 cc to 0 24 cc pei Kg — is four to six times smallei In 
normal dogs,* go minutes of deep chloioform anesthesia does not usually kill 
the animal, although jaundice appears and the piothiombin and fibrinogen 
levels fall to veiy low levels Barrett, and his coworkers,'*'* m their experi- 
ment on the effect of choline on the livei, Avhen carbon tetrachloride was used 
as the hepatotoxin, employed o 7 to o 8 cc of cai bon tetrachloride per rat 
(200 Gm ) which is appi oximatelv 30 to 40 times the amount pei unit w'eight 
which w^e use in the dog When we use such minimal doses w^e find that 
protein added to a w ell balanced diet m a normal dog is less effective in con- 
feriing added piotection to the livei Thus, casein was fed to dogs in 13 Gin 
per Kg amounts pei day, for three days (the standaid feeding period), wnth 
only slight beneficial effect, the tieated animals showing almost as great a fall 
as the contiols 

Attention was then directed to certain factois m the B complex It w'as 
found that thiamine (2 mg pei Kg ), nbofiavin (o 5 mg per Kg ), and nico- 
tinic acid (14 mg pel Kg ) were without piotective effect in the doses used 
On the other hand, whole brewers’ yeast (i Gm pei Kg ) w^as effective to a 
significant degiee, the fall in the plasma prothrombin being cut approximately 
m half Also, the return of the prothiombin to normal was hastened from 
seven days — the usual time for recovery — to five days on the average Our 
experiments indicate that the protectwe action of a single dose of i Gm per 
Kg of 1)1 ew^ei s’ yeast begins to be lost by the end of 24 hours 
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Choline was found to ha^e a gieatei jnotective action than an} othei indi- 
vidual substance and vas quite as effective as whole breweis’ yeast 


Plasma Prothrombin in Per Cent of Normal 
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N B E'cperiment started on third and last feeding day 


This may be leconciled with the lesults of Miller, Ross and Whipple, Best, 
MacLean and Ridout , and Goldschmidt, V ai s and Ravdm, on the following 
grounds In the experiments of Millei, Ross and Whipple, the outstanding 
abnoimality of then dogs was the low piotem content of the plasma (and 
piesumably of the liver) Thus the agent piotectmg the livers of then ani- 
mals was probably the SH factoi of methionine and cystine Choline was 
appal ently of no avail m hypopiotememic animals against such laige doses of 
chloiofoim Fiom Table II, of Goldschmidt, Vais and Ravdm,^^ it seems 
possible that choline did exeit a definite, though small piotective effect, in 
both experiments in which it was used (Gioups 8 and 17) Both Best, and 
his associates, and Goldschmidt, and his coworlcers, have also used relatively 
enormous doses of carbon teti achloi ide and chlorofoim, respectively, as com- 
paied with the amount used in oui expeiiments 

Methionine and cystine were corapaied with choline and the latter found 
to be more effective m noimally fed dogs, although the foimer did show a 
model ate degree of protection 
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The exact mechanism wheieby such hepatotoxic agents as chloroform and 
caibon teti achloride exeit then deleterious effects is not cleai nor is the means 
whereby various factoi s piotect against such injury entiiely evident In this 
connection, however, the follo^\lng interesting hypothesis has been offered 
The toxic agents, having reached the liver, are held there in pi oportion to the 
amount of fat present The preponderance of central necrosis in the hepatic 
lobule may, peihaps, be due to the diminishing oxygen tension of the blood 
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and the tendency for the fats to be deposited more m this region than periph- 
erally The hepatotoxin then exerts its haimful effect by interfering with the 
noimal oxidation-reduction system within the cells, involving glutathione and 
othei SH factors If the interference be sufficiently extensive, degeneration 
and necrosis result 

It IS evident, theiefoie, that protection of the liver may be undei taken at 
several points First, any factoi which diminishes the exposure of the indi- 
vidual to the toxic agent — such as chlorofoim, carbon tetiachloride, phos- 
phorus, arsphenamine, elc — is of vital importance in lessening the amount 
which reaches the liver 

Second, any factoi s which lower the lipid content of the liver tend to 
diminish the amount of the toxic agent held in the liver Here, a high caloric 
diet rich m protein, and caibohydiate and low m fat is of paramount impor- 
tance, the protein foi its fat-displacing action and the carbohydrate largely 
foi its protein sparing effect and to a lesser extent, pei haps, m also displacing 
fat Choline, by its maiked effect in deci easing the fat m the liver, is also of 
considerable value at this point 

Third, all factors tending to spare the oxidation-reduction system of the 
cells, as for example the SH group of certain amino-acids, such as cystine 
and methionine, may exeit a protective action Oxygen theiapy is valuable 
in maintaining a high oxygen content of the blood circulating thiough the 
liver sinusoid and, conversely, anemia or ceitam anesthetic agents associated 
with relative anoxia may exert a deleteiious effect 

Fourth, an abundance of protein is important in enhancing the legenera- 
tive phase of the liver, and here also choline and perhaps xanthine may aid by 
clearing fat from the injured oigan 

Other protective actions as yet not cleaily undei stood may result from 
such dietary measures, as it may be that such substances as choline and un- 
known B complex factoi s exeit some specific action on the hepatic cell of 
which we aie not as yet aware 
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Discussion — Dr I S RaVDIN (Philadelphia, Pa ) This IS a very interesting 
paper of Doctor Andrus and his associates, and I am very happy to discuss it The method 
they have used in order to improve our knowledge of the functional activity of the liver 
IS one that is certainly in the right direction It may well be that the determination of 
the concentration of prothrombin and the response they have used following the intra- 
muscular injection, may prove to be more important from the functional point of view 
than any other method that is now being employed 

The problem of liver protection and liver regeneration is one that must concern all 
of us If wc think back now a period of 30 years, to the time when Opic and Alford 
published their historic paper on the protective action of certain foodstuffs against liver 
degeneration and the subsequent papers published by George Whipple and his associates, 
and Graham and others, we can only think of the paper published by Moses and Smith 
m 1924, m which they questioned the diets used by the previous investigators They 
pointed out that the diets which had been called carbohydrate diets were not pure diets, 
on the one hand, and that in many instances they were completely inadequate for growth 
in the animals to which they were fed 

There can be no doubt that carbohydrate has protected the liver, but there can also 
be no doubt that carbohydrate does not offer maximum protection This statement was 
made 26 years ago by Dr George Whipple ‘ Under the favorable conditions of carbo- 
hydrate diet a liver will regenerate at the rate of 100 grams of liver tissue a day ” 

The growth that could take place in the liver under such circumstances would have 
to take place from the indigenous breakdown of protein and that would be a minimum 
and not maximum growth 

The observations my associates have been making over a period of years pointed 
strongly to the fact that an adequate amount of adequate protein in the diet prevents 
the liver from injury In the observation of Andrus and his associates, casein was not 
absent for a long time Three days is insufficient time Furthermore, the amount of 
casein in the diet must exceed 20 per cent Under such circumstances casein will protect 
the liver from injury It protects the liver from injury because at the present time it is 
the best available foodstuff to rid the liver of fat It will do it twice as rapidly as will 
carbohydrate Therefore, one has a minimum amount of fat in the liver after feeding 
period 

The second relation that has been pointed out by Doctor Andrus and his associates, 
IS the perhaps specific detoxicating factor wc pointed out some years ago At that time we 
did not know what they were, but there is certain evidence that strong components of the 
protein molecule directly protect the liver 
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We have repeated the observations of Miller, Hawkins, and Messenger in regard to 
specific protective action of cystine and methionine While cystine and methionine offer 
some degree of protection from a variety of these intoxications they do not offer the type 
of protection afforded by sterile fixation abscess with sodium arsanilate or as afforded 
by the administration of high carbohydrate protein diet over an adequate period of time 

The problem of protection of the liver is one entirely separate from the problem of 
regeneration For protection casein is the most adequate protein In the problem of 
regeneration, the matter is different There one must provide that type of protein which 
contains the components most readily used for regeneration and that protein is the lymph 
substance itself 

Dr Arthur B McGRAW (Grosse Pomte Mich ) I hope Doctor Andrus will 
forgive me for taking advantage of his paper to comment on an aspect of this immediate 
program that has impressed me very much and that is the part of his paper which dealt 
with the protection of the liver through the ingestion of casein, and furthermore. Doctor 
Ravdin s comments following in his discussion 

When one has been thrust rather abruptly into the Naval Service and has spent three 
months there one is forced very rapidly into thinking about a marked simplification of 
one s approach to surgical problems and also the probable necessity for compromising 
to some extent the methods and means which one uses in the interest of getting things 
done without however compromising adequacy methods or the things one has learned 
to know best 

These little points have come out for the protection of the liver In the Navy we 
have to use chloroform below-deck we cannot use ether We cannot very well use local 
or spinal anesthesia There was a point in Dr Moyer s paper this morning about develop- 
ing antagonistic action of ether in the use of intravenous anesthesia There were points in 
Doctor Siler s paper yesterday and in Doctor Brown s paper whereby we may be better 
able to treat the dozens of burns that may come upon us suddenly in an adequate way 
far better than we might be able to treat one burn by an elaborate method These things 
mean a great deal to a great many people So partly as a personal thing and partly in 
behalf of the Service I want to pay tribute to the helpfulness of this program which in 
a superficial way does not seem like a war program and also to point out that only in 
our type of life and point of view can these applications that can be put to war surgery 
come out of humanitarian surgical investigation 

Dr William D Andrus (closing) I have nothing m particular to say further, 
except to thank Doctor Ravdin and Doctor McGraw for their discussion I did not really 
mean to infer that we had any doubts as to the protective action of casein I think Doctor 
Ravdin and his coworkers have amply demonstrated the efficacy of that particular sub- 
stance I think It may well be that his criticism is justified and that we did not feed the 
animals long enough with that particular substance We will remember that It does 
have a markedly protective action as was shown I believe there were some circumstances 
in our animals which may have prevented the appearance of that particular action 
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Stricture of the common bile duct may lesult fiom congenital atresia, 
ulceiation fiom stones, or infection from septic cholangitis, but most often 
follows clamping, ligation, or excision of the duct duimg an operation for 
cholecystectomy The presence of structural anomalies, the occuirence of 
unexpected heniorihage deep in the wound, or the distortion of noimal ana- 
tomic landmaiks by infection aie cii cumstances that may confuse even the 
most expert surgeon, and are likely to bewildei the opeiator who has not 
been schooled in common duct surger)'^ 

Small strictuies may be successfully treated by dilatation, division, ex- 
cision, and end-to-end anastomosis, or by plastic repaii to enlarge the lumen 
These pioceduies are applicable only if noimal tissue can be appioximated 
without tension for otheiwise reformation of the stricture occurs An alter- 
native method is by implantation of the hepatic or common duct into the 
stomach, duodenum, or jejunum which has the two possible faults of stricture 
formation at the site of the anastomosis and of ascending biliaiy infection 
from lack of the sphincter of Oddi 

Long strictuies from extensive loss of the common duct cieate a very 
difficult problem which may appear insoluble when multiple opeiations fail 
to correct the defect Three years ago such a condition was encountered m a 
young woman, the mother of five children, who on two occasions was asympto- 
matic with a 1 libber T-tube in the duct but who refoimed a stricture shortly 
aftei its removal This led to a trial of permanent intubation of the common 
duct with a Vitallium tube The patient recoveied completely and her trans- 
formation from chronic invalidism to useful living was so diamatic that it 
gave encouragement to tiy the method in otheis The subject was presented'’^ 
at the meeting of the Society of University Surgeons a year ago Since then 
more infoi mation has accumulated from animal experimentation, dissection on 
cadavers, and clinical experience, especially with different uses for these tubes 
and with modification of then design It appears desirable at this time to 
report these data and evaluate the use of Vitallium tubes in biliary surgery 

COMMON DUCT STRICTURES 

The first Vitallium tube was made 4 cm long, 6 Mm wide m outside 
diameter with a central flange 6 Mm high for an anchoi which protrudes 
through the wall of the duct and prevents the tube from slipping out of place 
No modification of the anchoring device has worked better than this simple 
flange and the only change that may be desirable is to sboi ten it to 4 Mm , 

* Read before the American Surgical Association, Cleveland, Ohio, April 6-8, 1942 
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for sometimes it protrudes too far above the duct Figure i, No i, shows in 
a detailed sketch how a flat piece of metal is welded to the tube to make the 
anchor This flange can be grasped with a curved clamp to allow manipula- 
tion of the tube in a deep wound (Fig i, No 2), for without this it would be 
difficult to insert the tube into the ends of the bile duct Figure i, No 3, 
shows bow an unanchored tube may slip below the level of m3ury and allow 
reformation of a stricture Loss of substance of the duct or fixation by seal 
tissue may make it difficult to bung the ends of the duct together over the 
tube to suture them m place For this purpose, tension sutuies pulled 
through the eye of the flange (Fig i, No 4) can be used to hold the duct 
while doing the anastomosis These can be removed after the suture line is 
completed 01 left in to take tension off the anastomosis if desn ed 


t 




Tig 1 • — I he flange on the \ itnllium lube used to inchoi it in place (i) 

A detail sketch to sho^v ho\v a flat piece of metal is \\ elded to the tube for in 
anchor ( 2 ) Shows how the tube can be manipulated by a clamp grasping the 
flange (3) A diigrammatic illustration of how an unanchored tube ma> slip 
down below a stricture allowing it to reform (4) Demonstrates the purpose 
of the e>e in the flange for holding tension sutures while doing the anastomosis 

The majority of the cases which require permanent intubation of the bile 
duct have had pievious opeiations for repair so the ends of the duct are bound 
togethei by scai tissue Tins should not be excised The normal duct 
should be opened above and below the strictuie and the tube mseited (Fig 
2, Nos 2 and 3) In tins w^ay the Vitallium tube holds open the stnetured 
area and there is no dangei of the ends of the duct slipping off the tube 
When used for tins purpose it w'as found that the length of the tube could be 
shortened from 4 cm to 3 3 cm 

The standard 6 Mm x 3 3 cm tube evas never designed for use m anasto- 
mosing the bile duct to the intestinal tract, in fact it was created to avoid 
that very thing and so pieserve the function of the splnnctei of Oddi How^- 
ever it has been used by otbeis on seveial occasions foi bej^aticoduodenos- 
tomy (Fig 2, No 4), appaiently to prevent stiicture of the anastomosis 
Tins IS the only possible advantage of such use and even tins may be vitiated 
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by the tendency of all tubes used in this way to pass into the gastro-intestinal 
tract 

Loss of part of the duct followed by infection and scai may leave the two 
ends fixed in widely sepaiated positions Attempts to bridge this gap by a 
Vitalhum tube tied into each end of the duct have failed because of letraction 
of the duct off the ends of the tube To oveicome this, a stiaight tube 6 cm 
long was made but it was so awkwaid to use that it was discarded Pei haps 
a long tube bent in the center to accommodate the angulation of the ducts 
would woik bettei, but this condition has been successfully tieated in anothei 
way The stump of the common hepatic duct is dissected fiec in the sulcus 




Fig 2 — (i) The stnight tube 3 3 cm v 6 mm (2) boi holding open i stnctuied 
3161 the duct the tube is slipped into the duct, which is then closed ovei it, leaving the 
anchor flange protruding through the suture line (3) (4) The use of this tube in hepa 

ticoduodenostomy 

tiansveisus of the hvei and the common duct is seal died for by fleeing all 
tissue off the hepatic aiteiy and poital vein If it is not found, the duodenum 
IS rolled out and down and the scat tissue beneath it caiefully dissected and 
sectioned In this way the common duct is usually found underneath the 
duodenum and so closely attached to it that it appeals to be a pait of the 
bowel wall At tins stage the gap may look to be niepaiable but aftei both 
ends of the duct have been completely mobilized they can be bi ought togethei 
by pushing up on the duodenum and panel eas and pulling on the ends of the 
duct End-to-end anastomosis undei these circumstances is done under ten- 
sion, and a stnctuie will usually foim, so this is pi evented by doing the anas- 
tomosis over a Vitalhum tube Anothei successful method is to use a lubber 
T-tube until all infection subsides and after two months leopeiate upon the 
patient, remove the T-tube and mseit a Vitalhum tube 
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COMMON HEPATIC DUCT STRICTURES 

The anatomic nomenclature calls the common hepatic duct that part 
between the bifurcation of the right and left hepatic ducts and the junction 
of the cystic duct That below the cystic duct is called the common bile duct 
The studies of Nuboer® have shown that because of the anomalies of the cystic 
duct the common hepatic duct may vary from o to 5 8 cm in length and the 
common bile duct from 3 to 9 5 cm in length Surgeons often speak of the 
common bile duct as that part which is exposed below the liver in the gastro- 
hepatic omentum This is logical, for treatment of this part is the same irre- 
spective of the relation of the cystic duct On the other hand, injury, or 
stricture, within i cm of the bifurcation of the hepatic ducts creates distinct 
problems of management which are not present at a lower level For the 

purpose of this discussion, these will be 
called common hepatic duct injuries 01 
strictures 

Dr Howard M Clute first succeeded 
m curing a patient with only about one- 
eighth inch of common hepatic duct re- 
maining after four unsuccessful opera- 
tions A Vitalhum tube with a trumpet- 
shaped end (Fig 3) was designed and in- 
serted into the stump of the common 
hepatic duct so that it would act as a 
funnel foi the bile from the right and left 
hepatic ducts The lower end was placed 
in the common duct and an anastomosis 
done over the tube 

Some of the situations encountered m 
these high strictures of the common 
hepatic duct are shown in Figure 4 A 
complete external or internal fistula lead- 
ing fiom the common hepatic duct (Fig 
4, No i) IS usually associated with a 
closed functionless common duct which 
must be sought m scar tissue without any 
tract as a guide to it The common 
hepatic duct has been found to empty into 
a bile-filled cavity (Fig 4, No 2) which 
communicated with an external fistula and 
the common duct Nature may attempt to reconstruct the injured area by 
a long, narrow, constricted passage (Fig 4, No 3) through scar tissue 
This channel may be no bigger than a string and yet carry enough bile to 
prevent severe jaundice 

Much thought has been given to the design of tubes for use in the hepatic 
duct strictures The anterioposterior curvature of the ducts, the bifurcation 
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Tig 3 — The trumpet shaped tube used 
bj Clute for a high stricture of the common 
hepatic duct is shown in a postoperative 
roentgenogram taken with barium filling the 
stomach 
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of the hepatic duets so near the end of the common hepatic duct and the 
inaccessibility of these structures in the sulcus transversus of the liver create 
pioblems in technic that aie difficult to overcome The trumpet-shaped end 
of the tube (Fig 4, No 4) used by Clute does not enter either of the primary 




Fig 4 — The conditions found in strictures of the upper common hepatic duct 
may include an external fistula (i) associated with a functionless common bile duct, 
a communication with a bile filled cavity (2) which drains into a fistula and the com 
mon duct or, as in (3) a long threadlike channel joining the ends of the ducts 

In 4, s, 6, and 7, are illustrated the tubes that have been used in high strictures 
of the common hepatic duct Here, the inaccessible bifurcation of the hepatic ducts 
close to the stricture in a short stump of the common hepatic duct creates mechanical 
problems of management Zinninger used the bell or trumpet shaped tube for hepa 
ticoduodenostomy (8) when the end of the common duct could not be found 

hepatic ducts so has little to hold it in place If it is unstable and slips away 
from the hepatic ducts, it may not dram their bile To overcome this, a 
Y-shaped tube (Fig 4, No 5) was made with 4 Mm openings at the two 
pi oximal ends Even so, the distance across the two limbs of the Y is i 3 cm , 
m contrast to the i cm width of the funnel on the trumpet-shaped tube The 
right and left hepatic ducts meet at an angle which varies between 80° and 
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90°, so the limbs of the Y cannot be hi ought much closei than this, yet it is 
difficult to insert them through the stump of the common hepatic duct when 
they are tins far apart If the hepatic ducts are not too deeply buried 111 the 
liver, one or the othei can be visualized and slit up the outei side to give 100m 
for nisei ting the Y-tube In one patient neither the ti umpet-shaped nor 
Y-tube could be nisei ted so a stiaight 6 Mm tube was put up the right hepatic 
duct (Fig 4, No 6) for want of anything better to do After operation the 




A 

Fir 5 — (i) rile diagramni'itic representation of the anguK 
tion of the ducts >\here the hepatic ducts have an anterior inclina 
tion the distal common duct a posterior dechn ition and the centr il 
part of the common hepatic and common bile ducts and honzont il 
if this middle part is destioyed ( 2 ) then the upiier and loner pirt 
of the ducts come together at an obtuse ingle of ihout 170“ This 
causes a straight tvibe to tip up it one end (3), and may cause pres 
sure necrosis or kinking of the duct To a^old this i tube his been 
designed with a bend forming a 170® angle, nhich mil be most use 
fill in the high common hepatic duct strictures 

left lobe of the liver eiilaiged, then shrunk and though it may become cii- 
rhotic, yet the patient is well without any signs of hepatic msufficienc}^ This 
led to the design of the tube shown in Fig 4, No 7, which is essentially a 
half Y for one limb is cut off Instead of this, one might have only a hole on 
the left side so the bile from the left hepatic duct could get into the tube, but 
unless this opening was accurately placed over the orifice of the duct it would 
not serve its purpose Exact placement might be difficult to do by sense of 
touch so It was thought desirable to have a short stub on the left side to indi- 
cate \\hen it was m the coriect position Zinninger^o desciibes the anasto- 
mosis, shown in Fig 4, No 8, m a case where no remnant of the common 
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bile duct could be found The trumpet-shaped tube ^^as used for hepatico- 
duodenostomy and this anastomosis secured by rolling the duodenal wall up 
onto the hepatic ducts 

A stiaight tube inseited into the hepatic ducts above and the common 
duct below tends to tilt up at one oi the othei end This is due to the slight 
anteiioi inclination of the hepatic ducts and the posterioi diiection of the 
common duct which is shown in Figuie 5 The diagram in Figure 5, No i, 
shows the cential part of the common hepatic and common ducts to be hoii- 
zontal If this is destroyed so that the proximal hepatic duct is joined to 
the distal common duct, an obtuse angle is foimed No information could be 
found in the liteiatuie on this,"' but measuiements taken at opeiation and 
on the cadavei showed this angle to be about 170°, or a deviation of 10° from 



1 iG 6 — An 8 cm tube -Khich tapers from 6 to 4 mm in diameter is 
illustrated For use in the palliatue treatment of occlusion of the bile 
duct from carcinoma This might be used instead of cholec> stog istrostomj 


the hoiizontal To prevent the tilting of the straight tube shown m Figure 5, 
No 3, efforts lAeie made to manufacture a cuived tube Vitallium is a very 
haid alloy which cannot be bent, molded, 01 machined but must be cast 
Curving the tube pi evented polishing it aiound the bend on the inside, so 
finally the manufactui er suggested welding two pieces of stiaight tubing 
togethei at an angle of 170°, as shown in Figuie 5, No 4 It is expected 
that all tubes designed foi ti eating stnctuies of the proximal common hepatic 
duct will have this anteroposterior angulation But this laises the question 
of wheie to put the bend, for it should come at the site of the anastomosis yet 
the stump of the common hepatic duct may be as short as 3 01 4 Mm or as 
long as I 5 cm in diffeient cases The bifurcation of the hepatic ducts fixes 
the position of the tube above and the length of the common hepatic duct 
detei mines the location of the anchor flange and bend below A iigid tube 
cannot be alteied to confoim lo the diffeient distances between these points 
in different cases so an aveiage length will have to be used It w^ould appear 

' I find that Dr D B Pheiffei of Philadelphia has described this angulation 
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that a length of i cm from the lower part of the bifurcation ot the tube to the 
bend and anchor would meet the needs of most cases 

MALIGNANT STRICTURES 

Vitallium tubes have been considered for use in the palliative treatment 
of malignant occlusion of the bile ducts The only one that has been made 
was intended for obstruction from carcinoma of the head of the pancreas 
This tube was made 8 cm long for the average combined length of the 
common hepatic duct (3 3 cm ) and the common bile duct (6 3 cm ) is 9 6 cm 
The tube need not go far up into the common hepatic duct so a length of 8 cm 
should permit intubation of the duct into the duodenum The anchoi flange 
was placed 2 cm from the upper end where the diameter of the tube is 6 Mm 
From this point the tube tapeis to 4 Mm (Fig 6) to allow insertion through 
a carcinomatous stricture 



Fio 7 — A 4 mm Vitillium tube is sboun inserted into the 
pancreatic duct for repair of a pancreatic fistula following resec 
tion of the head of the pancreas for carcinoma This method, used 
successfully by Zinnmger, suggests the need of tubes r\ith one short 
end for implantation into the gastro intestinal tract 

PANCREATIC FISTULA 

A straight Vitallium tube, 4 Mm in diameter, has been used to close an 
external panel eatic fistula The case leport sent to me by Zinnmger^® is as 
follows 

Case Report — A male, age 62, presented signs, symptoms, and laboratory findings 
of complete obstructive jaundice from periampullary carcinoma On October 31, 1939, 
a first-stage modified Whipple operation was performed On December 9, 1939, the 
duodenum and the head of the pancreas were resected for adenocarcinoma of the ampulla 
of Vater A pancreatic fistula developed Every time the fistula closed the patient 
developed chills and fever, and the fistula had to be reopened On May i, 1941, the fistula 
was traced to the pancreatic stump, one end of the Vitallium tube was inserted into the 
pancreatic duct (Fig 7) and the other end implanted into the stomach The patient’s 
general condition promptly improved The wound healed by May 19, 1941, and has 
remained healed ever since 

The use of Vitallium tubes has been thought of in connection with the 
treatment of some types of hydrocephalus, the repaii of ureteral and uiethral 
strictures, and the reconstruction of the vas deferens and fallopian tubes but 
they have never been reported as used for these purposes 
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Discnssio 7 i — ’The question is often asked, what reaction will be caused in 
the tissues by the piesence of Vitalhum tubes ^ Thus far, there is informa- 
tion fiom only one human case obtained by reoperation, where it was found 
that little 01 no reactive inflammation existed Additional data was sought 
by means of animal experimentation Vitalhum tubes placed m the common 
bile duct of dogs remained patent without eiosion of the metal or deposition 
of pigment oi salts on them Most important of all was the absence of 
leactive change m the mucosa lining of the duct for this would indicate good 
tolerance of the tissues to the metal A section of one of these ducts was 
illustiated m a previous papei The mucosa was never found to grow 
inside the tube so one must depend upon the bare metal for the conduction 
of the bile V italhum is an alloy of cobalt, chromium, and molybdenum which 
has been found to be inert m bone,®> ® joints,^ and the bram^’ ^ so the absence 
of leaction m the bile ducts is not surprising 

A leview of the vaiious methods of ti eating injuries or strictures of the 
bile ducts IS not presented, for this audience is aheady familiar with them 
and the leviews of Kehr'’ and Ehot^ have discussed them m detail It is 
expected that Vitalhum tubes will only be used m biliary surgery where 
extensive damage has occuried and where other methods have failed, for 
otheiwise their indiscriminate use may result m disappointment or even dis- 
credit of the method 


SUMMARY 

(1) Injury to the bile ducts which was irreparable by other methods has 
been successfully tieated by the permanent implantation of a Vitalhum tube 

(2) A straight 3 3 cm x 6 Mm tube with a central flange to anchor it m 
place IS most useful to hold open a stnctured area of the common bile duct 

(3) Loss of a pait of the common duct is best repaired by approximating 
the ends ovei a Vitalhum tube even if tension must be used This will hold 
the ends of the duct together and the tube will prevent occlusion by stricture 
It may be dangerous to bridge a gap by tying the tube into the ends of the duct 
for it may slip out of place 

(4) Injury 01 stricture of the common hepatic duct within i cm of the 
bifurcation of the hepatic ducts produces mechanical problems that require 
special designs to meet them For this purpose tubes with trumpet-, Y-, and 
half Y-shaped ends have been made 

(5) Vitalhum tubes have been used for the repair of a pancreatic fistula 
and one has been designed for the palliative intubation of malignant occlusion 
of the bile ducts Other uses for these tubes such as m the brain and genito- 
urmaiy tract have been considered 
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Discussion — Dr Howard M CLUTE (Boston, Mass ) I think Doctor Pearse s 
work marks a new step a new era if you like in the management of bile duct strictures 
which we all know have been one of the most difficult problems which have faced sur- 
geons and I think it also is significant because it shows us that in the cavity of the 
body we may put in this metal and have it stay there for a long time without any 
material change in the viscus m which it lies It opens possibilities perhaps for the use 
of Vitalhum in many places in the body other than the common bile duct 

For example in my hospital the urologist has used a Vitalhum tube in the perineal 
urethra, which constantly stnctured following amputation of the ‘penis, and he has been 
able to have a Vitalhum tube fitted into that — which has been used successfully and 
satisfactorily 

The laryngologist has had a mold made to use in the stricture of the larynx which 
he was trying to treat with skin grafts and hopes to overcome the stricture 

My personal experience with Vitalhum tubes is limited to a case conducted by my 
associate. Doctor Albright about two weeks ago in which I helped 

There is another case of a friend of mine that I advised Doctor Hedisheimer of 
New Bedford Doctor Hedisheimer s case has gone on for some five months now 
Doctor Albright s is very recent 

Then there is the other case that Doctor Pearse mentioned the case I cared for 
myself I would like to show the lantern slides of that if I may This lady had had 
four previous operations starting with her original cholecystectomy and injury to the 
common duct and three other operations to repair this two of which I had performed 
the fourth operation the last one that I did being a cholccystohepaticoduodenostomy 
In SIX or eight months this failed to function any further and we finally reoperated 
upon her for the fifth time after learning from Doctor Pearse of these tubes 

This IS more or less the picture that we found after we had separated the duodenum 
from the common duct We found complete absence of the common duct in this area 
The picture does not show it but we catheterized the common duct through the ampulla 
of Vater and that helped in finding this at the distal end, which by no means is as clear 
as the artist has drawn 

The tube we used was a funnel-shaped affair which we had made because we 
knew from three previous excursions into this area that this stricture was deeply into 
the liver and we would have a very difficult time to hold anything in it The funnel- 
shaped tube was then put in the liver the other end over here The surrounding tissue 
was laid around it as well as we could Silk sutures were put here in this very dense 
fiber that remained in the common hepatic duct I think it was good fortune that in the 
1 6 months past since this operation the tube has not slipped out However it is to be 
noted It seems to me that in this case we had a gap larger than the artist shows in 
my recollection three-quarters of an inch in which there was no common bile duct at 
all If the gap had not been here I agree with Doctor Pearse that it would have been 
lery much to our advantage to approximate the ends and this no doubt could have 
been done if one freed the duodenum and freed the hepatic duct 

This IS a slide similar to the one Doctor Pearse showed you but taken some six 
months after the operation when the patient had an attack of pain and a slight jaundice 
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and I was afraid that something had happened but it cleared up in a matter of two 
days We took this picture just to see whether the tube was where it should be, and 
It was 

The last slide shows the various tubes I got from Doctor Pearse and some we had, 
for your observation of the types that have been made Doctor Pearse has enlarged on 
these since then Though it is apparent that this tube can be used to replace absent 
common duct and that it will last for a long time and I believe from this case at least 
that you can have the common duct absent over quite a distance and not pull the two 
ends of the duct together, as Doctor Pearse recommends and as we recommend, and still 
have it go on there is more danger of course that the tube mav fall out 

I think there is a great advantage and it is to be emphasized, that you should have 
the distal end of the common duct toward the distal end of the tube if possible, as 
Doctor Pearse has said because in that way you preserve the sphincter of Oddi, and 
which IS of great advantage In fact, I think it is of such advantage that in Doctor 
Albright s case I could not find the distal duct and urged him to open the duodenum 
and find it from within and having opened the duodenum we found it 

It seems to me that these tubes can be used in biliary strictures of certain kinds 
Certainly, I believe they have an advantage over any such procedure as transplantation 
of external biliary fistula which carries such a high percentage of failures I think they 
are preferable to rubber tubes even with the slight knowledge we have, and are very 
valuable when one can use them with the preservation of the sphincter of Oddi, as in these 
instances 

Dr Eugene W Rocke\ (Portland Ore ) Not knowing of Doctor Pearse’s 
work, some three years ago, I attempted a somewhat similar series of experiments on 
dogs using several different substances, and finally settled on metallic magnesium I 

found that with those dogs there was no irritation of the gallbladder wall when the 

tube was implanted into it and that I got the tubes of the thickness so that they would 
last from eight to i 2 weeks There was no bile deposited m these tubes 

I then implanted such tubes in two humans The tube did not have the advantage 
of the lateral flange which Doctor Pearse had and in one case the tube slipped down into 
the duodenum That was an implantation in the duodenum 

I was about to publish this experience and got a new lot of metallic magnesium 

tubes from the Dow Chemical Company I planted those in the dogs gallbladders and 

had the misfortune to find that bile salts were deposited on the tubes, which had not 
been the case originally I sent the magnesium back to have it analyzed and find 

whether it was pure magnesium or had some alloy in it which was irritating 

The Vitallium tube apparently has a distinct advantage over the metallic mag- 
nesium which I have been using, but I am sure there is a very great need for such a 
bridge for a stricture of the biliary duct 

Dr Walter G MADDOCK (Ann Arbor, Mich ) About a year ago, I first heard 
of Doctor Pearse s work with the use of this tube, and he supphed two for us to use 
I have had the opportunity of trying them on two patients 

The first one about i i months ago, came in with a history of multiple previous 

operations for obstruction to the common duct This patient had a T-tube in place, 

and I simply took the T-tube out and slipped the Vitallium tube into the site of it, 
and It seemed to fit nicely in that direction and did not move up and down This 
patient has gone ten months without any difficulty as far as the obstruction is concerned 
During the past month however she has begun to have attacks of chills and fever and 
jaundice It may be that she will get over it, as Doctor Clute s case did but I am 
much concerned about the situation, and I feel that something subsequent may be 
necessary 

A month ago I had a chance to use the tube again on a much similar case, with 
previous history of operations upon the common duct because of stricture occurring post- 
operatively At this time a rubber T-tube was in place The common duct was 
cleared downward, but the approach to the hepatic ducts was not as wide-open as I 
would have liked it I could not get a uterine sound up that section very well A 
small probe, however did pass The patient had requested however, to dispense with 
the rubber tube, if possible, so I slipped one of these Vitallium tubes into place with- 
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out disturbing the site of it very much That patient has not done well She is having 
chills and fever and has had intermittent jaundice on two occasions 

I think this IS just an addition to the experience with these Vitallium tubes, and 
fear that my two cases are going to require some further type of treatment I do not 
know what it is going to be 

Dr Leo ElOESSER (San Francisco, Calif ) Just two short points of technic 
In a man who had had a very complicated history including fistula between his trans- 
verse colon and his gallbladder a bleeding duodenal ulcer, and several other complications, 
an obstructive biliary cirrhosis ensued with an intermittent obstruction, sometimes on his 
right and sometimes on his left In the first attempt to overcome this obstruction, find- 
ing a very tight duodenum and having had a bleeding ulcer to deal with, we did a 
hepaticoduodenostomy and anastomosed the open stump of the duodenum to the hepatic 
junction That gave a very wide union between the hepatic junction and duodenum, 
but the wide union still was not sufficient to overcome the strictures which reformed in the 
hepatic duct 

I used one of Doctor Pearse s tubes and slipped it into the right duct, but I was 
confronted with the same situation that he delineated on the second line of his third slide, 
I think the last one to the left in which there was a little button projecing, as it were 
as a flange from the side of the tube because the situation of the duct was such that it 
would have been quite impossible to introduce a Y-shaped tube I questioned in that case 
whether it would be feasible although I had none at hand to make a tube with a clip 
joint as It were so that it would be possible to introduce one branch of the Y and then 
snap the other branch Y into the other hand of the hepatic ducts 

The patient, to whom I refer died five days after his operation of secondary rupture 
of his wound and pneumonia We obtained the specimen and the tube was in place 
There was no effect of the tube on the surrounding tissues and no erosion and the tissues 
were perfect in reaction 

Dr Herman E Pearse (closing) One word about bridging the gap We have 
attempted to do this by a longer tube long enough to prevent the ducts retracting off 
The disadvantage was the tilting of the tube and when a straight tube 6 cm long, was 
made it was too awkward to be of any use Now that we have a method of making an 
angulated tube it may be possible to devise one long enough to bridge an extensive gap 
I was very much interested in Doctor Rockey s comments because I am at present 
contemplating some experiments with Dow metal for an entirely different purpose Men 
who have been wounded in aircraft combat who had fragments of magnesium in their 
tissues have been found to develop an extreme fibroplasia about metallic magnesium so 
much so that Doctor Walters has been able experimentally, to shut off the ureter by 
encircling it with a clip of Dow metal I was interested in this as another possible means 
of gradually occluding large arteries by fibroplasia 

It IS interesting that magnesium in the biliary system did not produce this fibroplastic 
reaction 

Of the two patients mentioned by Doctor Maddock the latter one might well be 
reoperated upon, perhaps with the insertion of a tube above the hepatic stricture We 
have had one instance of recurrent chills fever and jaundice in a patient one year after 
intubation, in which we suspected occlusion of the tube from cholesterol We gave her 
sodium taurocholate and these symptoms disappeared 

Also, one must remember that these patients have had a long history of liver infection 
and some of their postoperative difficulty may be due to hepatitis 
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Fistulae between some portion of the biliary tiact and some hollow 
viscus have been known to exist for many yeais Pathologists have desciibed 
fistulous communications between the gallbladder or bile ducts and nearly all 
poitions of the gasti o-intestmal tiact as well as with the bladder, uteius, 
kidney pelvis, portal vein, ovaiian cysts, and with such mti athoracic struc- 
tures as the peiicaidium and bronchial tree In an excellent liteiatuie review 
and suivey of then own material, Borman and Rigler record the presence of 
only 6/ internal biliary fistulae m over 30,000 autopsies Many such pas- 
sages undoubtedly weie overlooked because intestinal obstruction due to 
gallstones was mentioned in the early liteiature three times as frequently as 
gallbladder intestinal fistula ^ Undoubtedly most gallstones sufficiently large 
to produce obstruction have reached the lumen of the bowel through a fistula 

With the more frequent recognition of internal biliary fistulae in the 
operating room and their frequent roentgenologic diagnosis, clinical interest 
in this condition has increased Kehr reported the finding of 100 biliary 
fistulae m 2,000 cholecystectomies, an incidence of 5 per cent Bernhaid 
encounteied them 109 times m 6,263 operations upon the biliary tract At 
the Univei sity Hospitals of Iowa i 2 per cent of all patients with cholecystitis 
were found to have internal biliary fistulae ^ Judd and Burden reported 153 
fistulous connections between the biliary and gastro-mtestmal tiacts The 
great majority of these were not diagnosed before operation In Judd and 
Burden’s senes only two were diagnosed preoperatively, one of which was 
visualized roentgenographically 

Roentgenographic diagnosis of internal biliary fistula is based chiefly upon 
the presence of air m the hiliaiy passages or the influx of barium during a 
gastro-mtestmal study The passage of barium was noted fiist by Hunt and 
Herbst m 1915 Duimg the following ten years many reports have been 
made of roentgenographic recognition of internal biliary fistulae Borman and 
Rigler collected all reports to 1937 which totaled as follows 


Cholecystoduodenal 3i 

Choledochoduodenal i6 

Cholecystocolic lo 

Cholecystogastnc 3 

Cholecystoduodenocolic i 

Cholecysto;ejunal i 

Choledochocolic i 

Biliary-bronchial 4 


They also listed i6 instances of regurgitation of baiium into the common 
duct In spite of the increased interest m and recognition of such fistulae by 


*Read before the American Surgical Association, Cleveland, Ohio, April 6-8, 1942 
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roentgenologists, it is piobable that only a small percentage of them are 
diagnosed prior to operation This is due largely to the small numbers of 
such patients upon whom gasti o-mtestinal roentgenologic studies are made 
Most internal biliary fistulae aie formed by the eiosion of a gallstone 
through the wall of the gallbladdei oi common duct into an adjacent ahscus 
Obstruction of the ducts below the stone is usual and a seveie inflammation is 
thought to accompany the process Duodenal ulceis aie lielieved occasionally 
to invade the adjacent wall of the gallbladdei and pioducc a fistula Malig- 
nant lesions also ai e considered as etiologic factoi s 

In a series of 500 operations for benign biliaiy tiact diseases I have 
encountered spontaneous internal biliaiy fistulae in 16 patients, distiibuted 
as follows 

Cholec> stoduodenal 

Cholecystoduodennl and cholecystocolic 
Cholecystocolic 
Cholecystoiastnc 
Cholecystocholedochal 
Hepaticoduodenal 
Hepatobronchial 

SI MPTOMATOLOGY 

It frequently is stated that patients who develop spontaneous internal 
biliar> fistulae give a veiy longstanding histoi) of gallbladdei disease, often 
severe, with colics, fevei, and jaundice, and then aftei a paiticulaily severe 
attack are lelieved of all of then symptoms It is thought that the formation 
of the fistula is followed by a lehef of distiess Such has not Ijeen tiue m this 
series 

The duration of symptoms vaiied fiom one month to 27 yeais Foui 
patients had symptoms foi less than one yeai and foui otheis foi less than 
four yeais The average duration of symptoms foi the gioup was eight j^eais 
111 compaiison to six yeais foi the entiie gioup of patients uith biliaiy disease 
Moderately seveie to intense colics weie complained of by all patients All 
but four patients complained of fever, usually accompanied by chills Recur- 
rent 01 fluctuating but peisistent jaundice occurred in ii of the 15 patients 
with intra-abdominal fistula The majority of these patients were acutely 
ill, debilitated, and many lost fiom 20 to as much as 80 pounds in u eight 
In no case was intestinal obstuiction piesent due to stone but one patient had 
marked duodenal obsti uction due to pi essui e of the distended gallbladdei and 
cicatiicial stenosis at the site of a cholecystoduodenal fistula The majoiity 
of these patients weie much sicker and had moie seveie symptoms than 
usually are seen in cholecystic disease In most instances theie was a steady 
progression of symptoms and in none was the history suggestive of relief of 
symptoms coincident with the formation of an internal fistula 

In this group of 16 patients, preoperative 1 oentgenogi aphic diagnoses 
were made in two cases In one with a cholecystoduodenal fistula the gall- 
bladder filled with barium (Fig i) dm mg a gasti o-mtestmal study Seveial 
days later many of the mtiahepatic bile ducts had become filled with gas and 
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A\eie outlined on i oentgenogi ams (Fig 2) A baiium meal administered 
to the othei patient levealed a cholec)fstogastric fistula This case is dis- 
cussed latei 111 detail Two othei patients at the Illinois Research and Edu- 
cational Hospitals have had 1 oentgenogi aphic diagnoses of internal biliary 
fistulae one ]iatient whose 1 oentgenograms revealed a cholecystoduodenal 



Fig 3 

Fig I ■ — Cholecvstocluoflen il fistula Cnllbladrler filled with barium 

1 IG 2 — S ime patient as Figure i Film t iken some time later revealing gas through 
out gallbladder and bile ducts 

Fig 3 — Regurgitation of barium thiough choledochoduodenal fistula visualizing bile 
ducts, gallbladdei, and one luge stone m the choledochus 

fistula lefused to be opeiated upon Roentgenogiams of the othei patient 
revealed a choledochoduodenal fistula (Fig 3) She was operated upon by 
Doctoi Warien H Cole, who found an opening between the common duct 
and the superioi margin of the duodenum, evidently pioduced by the eiosion 
and passage of a stone Other stones were found m the common duct 

OPERATIVE FINDINGS AND PROCEDURES 

Seven of the nine patients with cholecystoduodenal fistulae gave a history 
of jaundice All seven had one or more large stones piesent m the common 
duct One of the two patients without a history of jaundice had an obliterated 
cystic duct The fistula into the gallbladder Avas large and patent and the 
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gallbladder was badly diseased The common duct was not enlarged or dis- 
eased and did not contain stones Evidently this patient developed a cystic 
duct obstruction before the fistula was formed and the bile ducts were not 
subjected to contamination by regurgitated intestinal contents The other 
patient without a history of jaundice had been operated upon i8 years pre- 
viously and was of the opinion that her gallbladder had been removed After 
frequent attacks of epigastric pain for many yeais she finally developed 
symptoms of duodenal obstruction A diagnosis of an obstructing duodenal 
ulcer was made At operation the gallbladder was present and filled with 
stones The cystic duct was very small and the common duct appeared 
noimal A patent fistula existed between the gallbladder and duodenum with 
marked stenosis of the intestine Cholecystectomy was performed and the 
duodenum closed but as the lumen of the bowel was very small, a posterior 
gastro-enterostomy was made 

One male patient, aged 42, gave a history of bihaiy colics with jaundice 
for 17 years Four yeais before coming under oui care a cholecystostomy 
had been performed Attacks of pain, fever, and jaundice occuired a few days 
after operation and recurred at frequent intervals He became progressively 
more emaciated and more frequently jaundiced For six weeks prior to our 
first opeiation he had constant chills, fever, and jaundice A patent cholecys- 
toduodenal fistula was taken down and the duodenum closed Extensive 
edema and infection were present throughout the entire extrahepatic biliary 
tiact The common duct was greatly dilated, thickened, and contained “white 
bile,” many large and small stones with much sand and pus The gallbladder 
was filled with stones and was removed The common duct was emptied and 
drained with a T-tube The patient recovered and was well for six months 
when he again developed colics and jaundice The common duct was reex- 
plored and found to be filled with stones These evidently had formed since 
the last operation The inflammatory changes in the ducts noted at the 
previous operation had greatly subsided All stones found were removed 
and the duct again drained for a month The patient remained well for six 
years when he again had mild attacks of biliary colic with transitory jaundice 
but without fever A third exploration of the common duct revealed one stone 
at the distal end All evidence of infection in the duct wall had disappeared 
He has been free of symptoms since this operation 

The patient with both cholecystoduodenal and cholecystocolic fistulae had 
been jaundiced After dividing the fistulae and closing the stomata in the 
colon and duodenum, exploration revealed marked infection of the gallbladder 
with edema and inflammation throughout the gastrohepatic omentum and 
inflammatory lymphadenitis Because of this, only a partial cholecystectomy 
i\ as performed and the common duct was not explored 

Both patients with cholecystocolic fistulae had persistent right upper ab- 
dominal pain and tenderness associated with fever for several weeks Neither 
had been jaundiced At operation one patient had an extensive inflammatory 
mass and in attempting to isolate the gallbladder a large cholecystocolic fistula 
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^^as sepal ated The laige opening in an acutely inflamed hepatic flexuie of 
the colon was closed with difficulty The gallbladder was removed but the 
common duct was not exposed because of the extensive edema and inflamma- 
tion The second patient likewise had marked swelling and acute inflammation 
ot the gallbladdei and bile ducts After taking down the fistula and closing 


Pig 4 



Tig s 

Fig 4- — Barium has passed through a cholecj stogastnc fistula outlining gallbladder 
and both extra and intrahepatic bile ducts Calculi c in be seen displacing barium in gall 
bladder and in the distal end of the choledocbus 

Fig s — Film taken 24 houts after Figure 4 Considerable barium is still present in 
the intrahepatic ducts ^ , 

Fig 6 — Same is Figure 4 Film taken six days after administration of baiuim show 
ing that most of the barium had passed out of the liver through the fistula 


the colon, it was thought safer to remove only a portion of the gallbladder 
The virulence and acuteness of infection in the gallbladder and bile ducts was 
much more marked when cholecystocolic fistulae existed than when the gall- 
bladder communicated with the duodenum 

Cholecystogastnc fistulae are much less frequently found than cholecysto- 
duodenal stomata because of the less frequent anatomical pioximity Three 

1047 


CHARLES B PUESlOW 


\nnils ot 

June 1942 


previous cases have been diagnosed by roentgenograms ^ Because of a num- 
ber of interesting features of our case, a brief abstract of the history is given 

CASE REPORTS 

Case I — R , male, age 62, had no symptoms referable to the gastro-intestmal tract 
until SIX months prior to the time of operation During this time he complained of 
qualitative food distress manifested by bloating and belching Two weeks before admis- 
sion to the hospital he noted midepigastnc distress and the onset of a gradually increasing 
jaundice A week later he had his first chill with a fever of 102° F Upon admission to 
the hospital a barium meal revealed a cholecystogastric fistula and visualized the intra- 
hepatic bile ducts (Figs 4, 5 and 6) A stone could also be seen blocking the lower end 
of the choledochus For three weeks chills and fever recurred almost daily The passage 
of barium into and out of the liver and the presence of bile in the duodenal contents indi- 
cated that the fistula was patent The icterus index remained at 60 At this stage the 
patient evidently was suffering from a severe cholangitis and hepatitis induced by the 
reflux of intestinal contents into the bile ducts and his jaundice was intrahepatic in tjpe 
(Chart i) 



Cholesterol esters 75 


Obstructive 


Galactose tolerance 2 2 


Hepatitis 
Bile in stools 


Obstructive jaundice 
No bile in stools 
Pruritus 


Chart i —Showing temper iture throughout \ mous phases of illness The lei el of icterus index and 
other laborator> studies nre sho\\n Periods in which the jaundice wts thought to be o£ intrahepatic 
ind of extriheiiatic origin are indic ited 


His condition gradualb improved, the fever subsided and he appeared less toxic 
However, following the subsidence of fever, bile disappeared from the duodenal contents 
and did not return The icterus index remained at 60, jaundice evidently persisting at 
this le\el because of obstruction to the extrahepatic ducts Pruritis developed Although 
low serum protein levels and a high return of galactose in the urine indicated considerable 
liver damage, the patient appeared improved clinicallj and as total obstruction to the bile 
ducts now existed, surgerj seemed indicated 
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At operation a fistula was found between the fundus of the gallbladder and the 
prepyloric portion of the anterior wall of the stomach The lumen was almost obliterated 
The gallbladdei contained a number of calculi and one large stone was found in the 
distal end of the common duct evidently causing complete obstruction The fistulous open- 
ing into the stomach was closed, the stone removed from the choledochus, and the gall- 
bladder removed Recovery was satisfactory but slow, the patient being dismissed on his 
nineteenth postoperative day The jaundice did not entirely disappear for two months 

This patient pieseiits an inteiesting sequence of events The onset of 
jaundice evidently was due to the stone blocking the common duct and was 
puiely obstiuctive in nature Distention and inflammation of the gallbladder 
was followed by the establishment of a cholecystogastnc fistula Although this 
permitted fiee diamage of bile into the gastro-intestinal tract, legurgitation of 
intestinal contents into the bile ducts produced a seveie cholangitis and hepa- 
titis lasting three weeks During this period the degree of jaundice remained 
constant but was due to hepatitis rather than to obstruction The presence 
of bile 111 the stomach confirmed the patency of the fistula I believe surgery 
at this time would have been extremely hazardous as no obstiuction existed 
and the liver was acutely diseased 

After the chills and fever subsided, the fistula evidently closed and again 
his jaundice was on an obstructive basis This was suggested by the sub- 
sidence of fever, the absence of bile m the stomach, the persistence of jaundice 
at the same level, and the development of piuritis In spite of laboiatory 
evidence of diminished hepatic function, the patient was clinically impioved 
and surgeiy now seemed imperative to relieve the obstiuction 

Fistulae betw'’een tw^o portions of the extrahepatic biliary tiact are rare 
The one case m this series gave a four months’ history with seveial attacks 
of severe light upper abdominal pain followed by chills, fever, and jaundice 
At operation the cystic duct was found to be very small A laige fistulous 
opening formed a second communication between the ampulla of the gall- 
bladder and the dilated and thickened choledochus One large stone was re- 
moved from the distal end of the common duct and the gallbladder was 
completely excised 

The fistula existing between the common hepatic duct and the duodenum 
developed spontaneously, following damage to the choledochus during chole- 
cystectomy Biliary colics had <;Ccurred tor several years prior to cholecystec- 
tomy but fever and jaundice were absent Following operation jaundice 
developed and persisted almost constantly though varying greatly m intensity 
One year later this patient came under our care, moderately jaundiced but 
with bile present m the duodenal contents At opeiation a stnctuie of the 
common duct was found with a fistulous tiact extending from the common 
hepatic duct to the duodenum This was excised, the duodenal opening closed 
and a plastic repair of the common duct performed 

Fistulae oiigmating at the liver or bile ducts and extending through the 
1 ight diaphragm to communicate with a hi onchus usually ai e due to gallstones 
to amebic abscesses, oi to hydatid cysts of the liver Thei e is often a preceding 

1049 



CHARLES B PUESTOW 


Annals of S\irKerv 
June 1942 


history of biliary disease with evidence of an elevated right diaphragm and 
later pleural effusion Bile in the sputum is the most diagnostic finding The 
following case is of interest because the hepatobronchial fistula was secondary 
to streptococci abscesses of the liver and the patient recovered 

Case 2 — A previously healthy, 26-year-old, white, male, developed general malaise, 
headache, and fever After being treated for influenza for a week he did not improve 
and was hospitalized His temperature ranged between 101° F and 104° F The liver 
edge extended progressively lower and the right diaphragm steadily became elevated 
Liver abscess was suspected but no improvement followed the administration of sulfanila- 
mide or emetine A right-sided pleural effusion was noted and gradually increased This 
was soon followed by jaundice, shooting pains in the right upper quadrant, and tender- 
ness over the liver The appearance of bile in the sputum established the diagnosis of an 
hepatobronchial fistula Three weeks after the onset of symptoms, an abscess high in 
the dome of the liver was drained through an anterior subcostal incision This approach 
was used because it overlay the area of greatest liver tenderness Nonhemolytic strep- 
tococcus was found m the abscess contents Improvement followed this operation, bile 
disappeared from the sputum but drained freely from the wound and his fever subsided 
One month after operation he again became febrile, bile returned to the sputum and 
abdominal pain recurred 

A second operation was performed, the twelfth right rib being resected and the 
subphrenic space entered posteriorly In approximately the middle of the dome of the 
liver an abscess was found adherent to the diaphragm The liver was separated from the 
diaphragm and a large cavity filled with necrotic tissue and pus was located m the dome 
of the liver Again nonhemolytic streptococcus was found Bile soon disappeared from 
the sputum Drainage persisted both anteriorly and posteriorly for many weeks The 
patient slowly improved and was discharged from the hospital three months after operation 

BESULTS 

The mortality of surgeiy for internal biliaiy fistulae, geneially, is con- 
sideied to be much gieatei than for uncomplicated biliary tract disease and 
has been repoited at 10 per cent or higher In this series of 16 patients theie 
were three hospital deaths, a moitality of neaily 19 per cent This is very 
high when compared to our moitality of i 2 pel cent for uncomplicated 
cholecystectomies Although two deaths, one patient with a chole3^stoduo- 
denal fistula, the other with a cholecystocolic fistula, were attributed to cardiac 
failure on postmortem examination, it is evident that the debility, livei dam- 
age, and prolonged sepsis associated with the internal biliary fistulae were 
largely responsible foi failure of lecovery The third death occuried in the 
patient with a cholecystoduodenal fistula with associated duodenal obstruc- 
tion This patient’s symptoms suggested gallbladdei disease but as she fiimly 
believed that hei gallbladder previously had been 1 emoved, she refused surgery 
until duodenal obstruction was nearly complete and had resulted in marked 
emaciation and nutritional deficiency 

The morbidity of biliary surgery complicated by internal fistulae likewise 
IS increased The average length of hospital stay after operation was 23 5 
days compared to 12 7 days for all other opeiations for benign biliary tract 
disease The time required for the disappearance of jaundice, return of 
weight and strength, and ability to return to normal activities was several 
times that following surgery for uncomplicated biliary disease 
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DISCUSSION 

It has been stated that the development of a spontaneous internal biliary 
fistula IS nature’s cure of an obstruction to the bile ducts That “the cure is 
worse than the disease” is well substantiated by the inci eased mortality of 
biliary tract surgeiy when fistulae exist In this series of cases, the relief of 
symptoms which is claimed to follow the establishment of a new opening 
between the gallbladder and gastro-intestinal tract did not occur Almost in- 
variably the patients became pi ogressively worse Chills, fever, and leuko- 
cytosis indicated a seveie inflammatory disease Giadual weight loss and 
weakness indicated a distuibance of nutrition possibly on the basis of a dam- 
aged liver Jaundice in the absence of obstruction was a veiy fiequent finding 
and indicated cholangitis and hepatitis As these symptoms are far more 
frequent and severe m the presence of fistulae than in other cholecystic disease. 
It IS evident that the regurgitation of intestinal contents into the bile ducts is 
veiy damaging to them and to the livei This is true whether the contamina- 
tion be from the stomach, duodenum, oi colon Howevei, colon contents 
seem to pioduce a moie acute and virulent reaction The chemical action of 
gastric or duodenal secretions may be a factor 

The distal end of the choledochus is piovided with three important struc- 
tuies to prevent duodenal i egurgitation The sphinctei of Oddi, although 
seiving largely to regulate the flow of bile into the duodenum, may act as a 
barrier The oblique course of the choledochus thiough the musculature of 
the duodenum utilizes the action of these muscles to compress the duct when 
tension in the duodenum is increased by peristaltic contraction Most impor- 
tant, however, are the valve-like folds lining the ampulla of Vater which 
permit bile to flow out but veiy effectively prevent duodenal regurgitation 
This can be demonstrated experimentally by greatly increasing intraduodenal 
pressure without forcing contents into the common duct It is demonstrated 
clinically by the infrequency with which barium is noted to pass into the bile 
ducts during gastro-intestinal studies When such regurgitation does occur, 
there is usually some pathological change in the distal common duct Most 
often this consists of a fibrosis and destruction of the valves in the ampulla of 
Vater resulting fiom the passage of a large gallstone into the duodenum Such 
protection against the entrance of intestinal contents into the bile ducts would 
hardly be warranted if these contents were haimless 

The experimental work of Beaver, and otheis, has shown that in animals, 
when free communication between the gastro-intestinal tract and bile ducts 
IS established by cholecystogastro-intestinal anastomoses, progressive liver 
damage occurs Liver damage has likewise been apparent in this series of 
patients with internal biliary fistulae, and has been demonstrated not only by 
liver function tests but also by the prolonged peiiod of time elapsing after 
operation before jaundice entirely disappears 

The preoperative diagnosis of internal biliary fistula is being made more 
often with frequent and more thorough roentgenologic studies Clinically the 
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DISCUSSION — Dr Hugh H Trout (Roanoke Va ) I would like to report 
a case of intestinal obstruction due to a gallstone, and the roentgenographic findings in 
the common duct Incidentally, we did not make this diagnosis before the gallstone was 
removed In taking a plain roentgenogram of an intestinal obstruction case we were 
very much surprised to find the common duct greatly dilated with air I do not know 
how many of you have seen intestinal obstructions due to large gallstones but I think 
you will find that is fairly common The gallstone passes through the common duct 
obstructs the duodenum and as the gas backs up the common duct is also dilated If you 
want to make a diagnosis of intestinal obstruction due to gallstones this may help you 

Dr John M Finney, Jr (Baltimore Md ) Doctor Pucstow said something 
about hesitating to speak about such minor surgery as internal biliary fistulae after the 
program which has preceded this paper From my experience this is not in the minor 
surgical class 

I want to cite two instances which I think arc rather interesting particularly the 
second one exhibiting complications which one may encounter with this type of c^se 

The first case that I cite is one we saw a good many years ago, in which there were 
multiple biliary fistulae I do not think that this was entirely due to the surgical handling 
But when the gallbladder was finally isolated it was found that there was a fistula medially 
between the gallbladder and the stomach posteriorly between the gallbladder and the 
duodenum and infetiotly between the gallbladder and the transverse colon 

The other case was one in which I was called to see suffering from profuse intestinal 
hemorrhage rather fresh and the patient was in bad condition The only history to 
which we did not attach any particular importance at the time was that of a prolonged 
illness of about three months duration 12 years previously with pain in the right upper 
quadrant and considerable wasting during that period of time We thought that the 
hemorrhage was possibly coming from a bleeding ulcer in a Meckel’s diverticulum be- 
cause while the blood was partially changed it came through fairly bright 

The interesting finding, which we did not interpret before operation, was a large 
calcified shadow about the size of a good-sized orange in the region of the right lobe of 
the liver, which we considered to be a calcified cyst of some sort 

With considerable difficulty and many transfusions the patient was prepared for 
operation at which time we found that the calcified body was a completely calcified gall- 
bladder, which had become adherent to and perforated into probably 1 2 years previously 
the transverse colon and that a calcified piece had broken loose from the inside of this 
calcified gallbladder and had tried to pass through the fistula which was about o 5 cm 
in diameter In so doing had severed a large vessel in the mesenteric margin of the trans 
verse colon 

This patient did not do very well and developed numerous fistulae He was re- 
admitted to the hospital about five months later where he died eight months after the 
original operation of actinomycosis of the lung the chest wall the abdominal wall and* 
liver presumably all of which was acquired at the time of the separation of the original 
fistula between the transverse colon and the gallbladder 

Dr John a Wolfer (Chicago 111 ) Doctor Puestow mentioned the matter of 
weight-loss also the prior history It reminded me of a patient I saw some years ago 
who so far as we could determine haa no prior history of any acute intra-abdominal 
catastrophe He was seen at the hospital a diagnosis having been made of carcinoma of the 
hepatic flexure of the colon This was made upon a history of a weight-loss of 40 pounds 
rclatiscly rapidly and a defect shown by barium enema 
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condition should be consideied in patients with biliaiy colics accompanied by 
chills, fevei, and jaundice, especially when these symptoms aie fiequent, pei- 
sistent, and piogressive Fiequent determinations of the piesence and amount 
of bile in the duodenum is impoitant both diagnostically and m detei mining 
the advisability and time of suigeiy A persistent jaundice associated with 
a wide open biliaiy fistula which peimits bile to flow fiom the bile ducts in- 
dicates that hepatitis exists and should make one cautious m instituting sui- 
gical theiapy As both the moitahty and moibidity of suigeiy foi inteiucd 
fistulae aie very high, good judgment and intensive pieopeiative care aie 
essential Likewise, the postoperative couise is apt to be stoimjf and gieat 
care must be taken to piotect the hvei 

The calculi piesent m the choledochus of most of oui patients found to 
have choledochohthiasis weie foimed in the gallbladdei and passed thiough 
the cystic duct Only a small peicentage of these patients gave a history of 
persistent chills and fever and at operation acute cholangitis rarely was found 
I believe that stones seldom form m the common duct m the absence of infec- 
tion How^ever, when acute cholangitis exists, as is so fiequently seen m 
internal biliary fistulae, stones may leform lepeatedly in tbe bile ducts This 
was denionsiated m the patient with a cholecystoduodenal fistula and seveie 
cholangitis and hepatitis who had three common duct exploiations foi the 
removal of reformed stones 


SUMMARY 

A series of i 6 spontaneous internal biliaiy fistulae are piesented In 
evaluating the histones, pain, chills, fevei, and jaundice generally weie piesent 
These patients did not obtain appaient lehef of symptoms with the spon- 
taneous establishment of a fistula, but became piogiessivel) woise 

At opeiation, stones weie found obstiuctmg the common duct in a majoi- 
ity of cases Cystic duct obstructions were present m two 

Severe inflammation of the extiahepatic biliaiy system was piesent in 
most instances This evidently lesulted fiom contamination by intestinal 
contents Liver damage of vaiying degrees likewise was associated 

Jaundice is a usual acconipaniment of inteinal bihaiy fistulae and one must 
determine whethei this is due laigely to obstruction oi to hepatitis The 
degree of diainage of bile by the fistula as indicated by the amount of bile 
111 the intestine is an impoitant guide 

Stones may reform in the bile ducts in seveie cholangitis 
Hepatic damage usuall)'’ accompanies inteinal bihai}^ fistulae and necessi- 
tates careful judgment as to the tune of opeiation and intensive pie- and 
postoperative caie 
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' Upon operation there was found a granuloma-like mass involving the fundus of 
the gallbladder and hepatic flexure of the colon The gallbladder was removed the 
colon defect repaired and strangely, following this operation he gained his weight just as 
rapidly as he had lost it In the matter of two or three weeks he had gained back half his 
weight-loss and went on to uneventful recovery 

I was wondering whether one of two things might obtain whether he lost weight 
by virtue of bile probably passing into the colon, so that it was not made available for 
use, or if he had an ascending infection which may have produced a varying degree of 
hepatitis which accounted for his weight loss I do not know yet as to which of these 
factors might have obtained To me it was unusual and I was interested to hear Doctor 
Puestow say he had seen so many cases because when everything is said and done, I do 
not believe they are so common and I am certainly glad they ate not 

Dr J Dewey BISGARD (Omaha, Nebr ) About a year ago I explored a case 
upon a diagnosis of a cholcdochoduodenal fistula and found that I was in error This 

IS the film upon which the diagnosis (slide) was made showing barium entering the com- 

mon bile duct which persisted after the stomach was emptied of barium at the end of six 
hours It also showed, in looking over the film subsequently this filling and some dilata- 
tion in the duodenum This patient had about an eight months’ history of digestive dis- 
turbances which I will not go into and had had a cholccystotomy so had a background 
for this picture 

(Slide) At exploratory operation a primary lymphosarcoma of the duodenum 
was found and this is the specimen which I resected by a one-stage Whipple operation 
This shows the cause of the barium showing m the common bile duct You sec the 
wooden rod there passed through the distal end of the common bile duct and coming out 
in the center of this tumor and either as a result of destruction of the ampulla or as a 

retraction from the tumor it has become incompetent and permitted the barium to enter 

the common bile duct 

I am showing this both as a possible error in interpretation of the roentgenograms, 
and also as an example of another indication for the Whipple operation 

(Slide) That is the other slide, showing the common duct in the upper part 

Dr Charles B Puestow (closing) The cases that have been presented are very 
interesting and I would like to make one comment Three years ago next month while 
attending the meeting of the Swedish Surgical Society, a paper was read in which the 
recommendation was made to perform a cholecystogastrostomy or cholecystoduodenostomy 
for common duct stones, feeling that that was a safer procedure than to go down and 
explore the common duct In view of what happens to the bile ducts and to the liver 
It seems to me that that procedure would be rather hazardous for the patient 
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The occurrence of gallstone disease with caidiac syndiomes is now so 
well recognized that it would seem that fuithei evidence on this lelationship 
IS haidly necessaiy However, the fiequency with which surgeons still see 
patients who have been classified as having serious cardiac disease, and who 
are simultaneously suffering from gallstone disease, but aie denied surgical 
relief for the lattei for feai of caidiac death, piompts us to make this report 
In 1909, Robeit Babcock,^ of Chicago, called attention to the fiequent 
association of gallstone disease with heart disease It is inteiesting to quote 
from his classic paper “There is, however, another point of interest in this 
matter of the symptomatology of gallbladder disease, namely, the occurrence 
of disorders m the action of the heart, from an hythmia and precordial oppres- 
sion, without dyspnea, to demonstrable dilatation and incompetence, dating 
usually from some attack of biliaiy colic or acute cholecystitis, and thence- 
forth maintained by lecurrences of the acute disturbance” He then con- 
cludes, after repoiting 13 patients with this syndrome “Experience has con- 
vinced me that the opening and draining of the gallbladder are attended with 
less danger when properly perfoimed, even though myocaidial incompetence 
be present, than is the doctrine of nonmtei ference Did time permit, cases 
could be cited which prove the peril to the patient from acute cholecystitis 
and fatal dilatation of the heait in cases with a history and symptoms of 
chronic cholecystitis, not to mention that from hepatic colic ” 

In 1935, Fitz-Hugh and Wolfeitlff pointed out that a “patient with gall- 
stone disease may piesent such a convincing airay of caidiac symptoms that 
the internist may wrongly condemn the sufferei to a ‘life sentence’ of cardiac 
servitude In addition to this problem of mimicry there is a growing 
conviction among internists and surgeons alike that chronic disease of the 
gallbladder may either initiate or aggravate actual heait disease — especially 
so-called coi onary heart disease ” 

Fitz-Hugh and Wolferth found that in numerous instances flat or inverted 
T-waves in the electrocardiogram prior to operation became erect and normal 
subsequent to adequate biliary tract suigery They concluded that “in the 
present stage of our knowledge it would be idle to speculate as to the nature 
of myocardial disturbances responsible for the remarkable electrocardiographic 
* Read before The American Surgical Association, Cleveland, Ohio, April 6-8, 1942 
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changes obseived ll seems dtdi liom the c\idence, however, that not only 
may gallbladder disease injure the myocardium but that the process, at least 
to a cei tain extent, is reversible ” 

We have obseived patients who have been decompensated for months and 
who had chionic auiiculai fibrillation lestoied to compensation and a regulat 
taidiac ihythm with no change in the medical piogiam following the simple 
lemoval of gallstones by cholecystostomy 

CASE REPORTS 

Case I — Hosp No 19622 P R , white, female, age 64, was admitted to the 
Hospital of the University of Peniisvlvania, August 6, 1930, with a history of heart 
trouble over a period of eight years She was short of breath, suffered from recurrent 
palpitation and right upper quadrant pain For seven months she had been confined to 
bed At varying periods she had had attacks of severe pain in the right upper abdomen 
associated with extreme nausea She had taken digitalis for a number of years She 
was markedly dvspneic and cyanotic Examination of the heart showed this to be totally 
irregular The heart was enlarged The lungs were filled with moist rales at both 
bases W B C 9,200 There was ankle edema Theie could be no doubt but that 
she had cardiac decompensation Whether the right upper quadrant pain was due to 
gallstone colic or to distention of the liver was not immediately clear A roentgenogram 
of the abdomen disclosed a large gallstone 

She was operated on August 9, 1930, three days after admission The gallbladder 
was di allied and the stone removed On September 5, 1930, she was discharged from the 
hospital in good condition, and with complete cardiac compensation 

This patient was extiemely ill on admission to the hospital Two of my 
colleagues, one a surgeon and one a cardiologist, consideied her too sick for 
o])eration when fiist seen Thiee days later, wnth hei general state un- 
changed, she w^as opeiated upon The opeiation did not upset her, in fact, 
she began to improve maikedly immediately thereafter 

When seen thiee months latei she was free of dyspnea and cyanosis 
Caidiac ihythm was normal and she w'as attending to certain of her house- 
hold duties 

We have seen patients with long-standing seiious caidiac disease made 
hopeless invalids by the aggiavation of their cardiac symptoms and the addi- 
tional symptoms imposed by a gallstone-bearing gallbladder or the presence 
of stones in the common duct 

Case 2 — Hosp No 42806 F B , white, female, age 53, was admitted to the 
Hospital of the University of Pennsjlvama, August 30, 1939 She was told that she 
had a “leakv heart” after peritonitis at age 25 She claimed that she had no very 
distressing symptoms until one and a half years ago when she had an attack of palpita- 
tion associated with weakness which lasted several hours At the same time she began 
to have attacks of “indigestion” associated with abdominal cramps and diarrhea, and 
pain in the upper abdomen radiating around to the right side of the back Some of the 
attacks had been severe enough to require morphine, although minor attacks occurred 
everv few davs Each of these attacks was followed bv increased palpitation and 
weakness There was no doubt in her mind that these symptoms were augmented, if 
thej were not initiated, by the attacks of abdominal pain Her condition became such 
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tliat her phyiician placed her on a program of restricted activitj^ She had nevei been 
decompensated 

She was found to have an old “rheumatic” mitral valve disease (stenosis and in- 
sufficiency) with some myocardial degeneration, extrasystolic arrhythmia, with episodes 
of auricular fibrillation In addition, she was found to have gallstones 

A cholecystectomy was performed September 6, 1939 Following cholecj stectomy 
she had three attacks of paroxysmal auricular fibrillation, after which these disappeared 

She still has her heart disease but 15 months after operation she remains greatly 
improved, is able to resume many of her previous activities, and is not fibnllating 
Although she still tires easily the attacks of “palpitation” occur only at rare intervals 

There have been indications in some of these patients that the symptoms 
of existing coionary disease can be made worse by superimposed gallstone 
disease and what is more surprising is that gallstone disease may, at times, 
initiate a tiain of events vith symptoms which in many particulars resemble 
true angina pectoris We have seen a number of the patients who for variable 
periods of time have been treated as cases of true angina pectoris by men 
considered competent in the field of cardiology and who, following the removal 
of a gallstone-bearing gallbladder or stones from the common duct, or both, 
have had complete fieedom from then supposed anginal attacks 

Recently, Layne and Bergh^ reported that sudden distention of the com- 
mon duct m man caused reflex spasm at the lower end of the common bile 
duct, which they designated as spasm of the sphmctei of Oddi They found 
that the spasm thus produced resisted levels of piessuie within the common 
duct as high as 400 to 600 Mm of vater, and m some instances persisted 
for as long as four minutes 

The apparatus used in these experiments consisted of a large glass flask, 
or reservoir, of about 75 cc capacity, connected by rubber tubing to the 
T-tube in the common duct of the patient A glass Adurphy drip bulb is used 
to demonstiate the flow of fluid within the system The pressure developed 
within the common bile duct is registered by a glass manometer 

We wish to report the records of two patients 111 whom gallstone disease 
was associated with the symptoms of angina pectoris 

Case 3 — Hosp No 43748 S L , white, female, age 48, was admitted to the Hos- 
pital of the University of Pennsylvania for the second time, February 23, 1940, with a 
history of attacks of severe precordial pain, occurring mainly at night but occasionall> 
after meals, and accompanied by palpitation and dyspnea The precordial pain radiated 
through to the back and down the ulnar aspect of the left arm to the finger tips 
Following these attacks the patient noticed residual soreness of the precordium and 
paresthesias of the left forearm and fingers of the left hand The pain was sometimes 
relieved by large doses of nitroglycerin 

The attacks began about five years previously, six months after a cholecystectomy 
performed elsewhere There was no history of jaundice, acholic stools, nausea or vomit- 
ing Until the last attack of pain a few days before entering this hospital, she had had 
no attacks of abdominal pain, all previous pain having been precordial in location 
In spite of all previous therapeutic efforts, the attacks of pain had become more severe 
and more frequent A diagnosis of angina pectoris had been made in another institution, 
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and a left stellate ganglionectomy had been performed No relief was afforded by this 
procedure, in fact, the patient became much worse Frequent attacks of pain were 
now brought on by the mildest exertion, even by eating Many of the attacks came 
on at night while the patient was sleeping She had lost 44 pounds in weight and had 
become practically bed-fast 

In December, 1939, she was first admitted to the Hospital of the University of 
Penns>lvania At this time ballistocardiographic studies were made by Dr Isaac Starr, 
which showed an abnormally low cardiac output, thought to be indicative of myocardial 
damage Alcohol injection of the second, third, fourth and fifth thoracic sympathetic 
ganglia on the left side was done at this time The patient was discharged and re- 
admitted February 23, 1940 During the interim she had become steadily worse A few 
days befoie readmission she had experienced her first attack of definite abdominal 


^Epii/aairic distress 

Pressure in 

mm of Ho ^Subsiernal pain radudinU 



Graph i 


pain This pain had been located high in the epigastrium and right upper quadrant 
However, at this admission, it was thought that her electrocardiogram for the first 
time showed evidences of coronary artery disease and localized myocardial damage 

In view of the lack of results from previous therapy, and because of definite sug- 
gestion of a biliarj tract origin for the patient’s complaints, a celiotomy for exploration 
of the common bile duct was performed, March 22, 1940 A thick, kinked common 
duct was found, plastered with adhesions, and containing some “sand” but no stones 
The duct was freed of adhesions, thoroughly irrigated and a T-tube left in place 
Shortly after operation the patient declared that she was free of her former attacks 
of pain She found that she could eat liberally without fear of discomfort She was 
soon out of bed, and for the first time in five years, was able to walk about freely 
without recurrence of pain Ballistocardiograms made at this time showed a normal 
cardiac output 

On the eighth postoperative day studies of common duct resistance were made 
(Graph i) At the first severe distention of the common duct the patient complained 
bitterlj of precordial pain, radiating down the ulnar aspect of the left arm, entirely 
similar to her previous attacks She was very upset and had to be reassured that 
these pains were entirely a product of the procedures at hand, and not a recurrence of 
her old trouble Distention of the common duct was repeated twice more on the same 
day, with exactlj similar results For several hours after the termination of these 
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studies, the patient complained of residual soreness in the precordium and of numbness 
and paresthesias of the left arm and hand Four days later the experiments were re- 
peated with similar results At this time continuous electrocardiographic and ballisto- 
cardiographic tracings were made by Doctor Starr Distention of the common duct 
was performed three times, and in each instance an anginoid attack was precipitated 
whenever the common duct pressure was raised to levels of 450 and 500 Mm of water 
The severe precordial pam subsided promptly upon release of the high ductal pressure, 
leaving residual precordial soreness, and paresthesias of the left arm and fingers of the 
left hand The electrocardiographic and ballistocardiographic tracings showed nothing 
significant except for a slightly diminished cardiac output during the periods of severe 
distention 

The patient was shortly afterward discharged, symptom-free, and has remained 
so to date, despite removal of the T-tube from the common duct 
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Graph 2 

Another patient m this series also gave a history of precordial anginoid 
pains suggesting coionary artery disease, prior to operation 

Case 4 — Hosp No 10770 K T, white, female, age 45, was admitted to the 
Hospital of the University of Pennsylvania for the third time, December 9, 1940 She 
had previously had an appendicectomy and a hemorrhoidectomy, with uneventful re- 
coveries Her blood pressure readings had never exceeded normal figures Since 1933, 
seven years before admission, she had experienced recurrent attacks of pain in the 
left side of the chest under the left breast with radiation to the left shoulder, produced 
by physical exertion or mental strain She also had shortness of breath on exertion and 
swelling of the ankles The attacks of this pain soon recurred so frequently that she 
could not perform her household duties and she became a semi-invahd She was seen 
in the Robinette Foundation and a diagnosis of angina pectoris was made, on the basis 
of arteriosclerotic heart disease In September, 1940, she first experienced an attack 
of intense pam m the right upper abdominal quadrant The attack was accompanied 
by nausea and slight jaundice Subsequently, she was studied in the gastro-intestinal 
department and a diagnosis of cholelithiasis was made She had several more similar 
episodes of abdominal pain 
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On Decembei 13, 1940, cholecystectomj and clioledochostomj^ weie pei formed Gall- 
stones were found m the gallbladder, but exploration of the common duct revealed none 
Following operation the patient was able to sleep on her left side for the first time in 
several years She had no further attacks of pain, and when ambulatory was entirelj 
comfortable and experienced absolutely no pain 

A pressure studj of the common duct similar to the one described above, was 
earned out on this patient (Giaph 2) When the pressure was raised to a level of 
400 Mm of watei pressure the preoperative anginal t>pe of pain occurred The pain 
ceased immediatelv upon reduction of the pressure When the picssure was maintained 
at a high level, it was 1 educed gradually upon admmistiation of amjl nitrite It is 
interesting to note that the original anginal attacks were partially iehe\ed by this drug 
Ihe ballistocardiographic tracing showed no abnormality before operation, after opera- 
tion or simultaneously w'lth the rise in pressure Negative results w'ere obtained w'lth 
the electrocardiograph 

A cholangiogram was made thiough the T-tube and tbe films show'ed a narrowing 
of the low'er end of the common duct It is quite possible that an associated pan- 
creatitis caused the slight jaundice Four w’eeks after discharge the patient returned 
for another cholangiogram, and the duct was found to have become slightly larger 
Follow-up examination, nine months latei, revealed that this patient w’as completely 
relieved of all pain 

Belief and Meade,'* in our laboiatoiy, have attempted to pioduce significant 
changes m the electrocardiogram of the dog hy distention of the gallbladder 
01 common duct They obtained no major changes m the electrocai diogi am 
unless pi 101 to distention of the biliaiy tract some minoi abnoimality had 
been pioduced in the coionaiy blood flow' When even a small coionaiy 
vessel had previously been ligated, ahnoimahties m rhythm and conduction 
weie obtained 

The subject of visceiocaidiac leflexes has been w'ell summed up from 
the physiologic aspect by Scott and Ivy They conclude that ( i ) Changes 
in cardiac rate, rhythm, and output can be caused by distention of the com- 
mon bile duct in dogs, (2) such changes aie inconstant, variable, and un- 
reliable, (3) success 01 failure in the j^ioduction of such changes by common 
duct distention depends on the piesence 01 absence of functional or 01 game 
cardiovasculai abnormality at the time the distention is earned out 

Baiker, Wilson and Coller,® and otheis, have lej^iorted cases of abdominal 
disease simulating coionaiy disease In thiee of tbeii foui cases, the elec- 
trocardiogiam was noimal In the fourth, it show'ed definite evidence ot 
coionai} artery disease All w'eie cases of cholelithiasis and cholecystitis, 
and all W'eie relieved of then symptoms bj opeiation 

Recentl} Gilbeit, and his associates,'* ® have published impoitant con- 
tributions 111 this field They have shown that theie is a decrease in coronary 
blood flow' upon distention of the gallbladdei 01 distention or iiritation of 
Its ducts Gilbert has called attention to the fact that both clinical and experi- 
mental evidence indicates that stimuli originating in the gallbladdei may cause 
a decrease m the coronal )' blood flow w'hich lesults 111 a dispiopoition betw'een 
blood supph and blood needs similai to that w'liich occuis wdieii intrinsic 
anatomic changes aie present in the r^essel w'alls In the one instance pain 
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IS the lesult of spasm induced by extrinsic autonomic stimuli, m the other 
the dispiopoition becomes evident when additional demands are made upon 
the restricted supply of blood m the coronary vessels The degree to which 
intimsic and extimsic factors are involved m bringing about a lestnction m 
coionaiy blood flow without doubt varies gieatly in diffeient patients and 
accounts for the vai lability of the pieoperative and postopeiatne symptoms 
While the intrinsic factors may be irieveisible, the extimsic factors are 
revel sible piovided their cause can be eradicated 

Distention of the common bile duct m the presence of muscular nntability 
at the lonei end of the duct will cause leflex spasm m this legion and 
ph}siologic blockage of the duct It is important to the investigatoi to 
realize that aftei the admmistiation of morphine sulphate, gradual distention 
of the duct such as obtains during expeiiinental determinations of sphincter 
resistance oi perfusion piessuie also causes reflex spasm neail) as marked as 
that produced by rapid distention undei the same conditions Foi this reason, 
values for pei fusion piessme obtained aftei the adininistiation of moiphine 
sulphate necessarily have a wide lange, fioin the levels of piessuie at which 
definite fion is fiist noted, to the high levels of piessuie needed completely 
to overcome the vicious cycle of reflex distention-spasin After morphine 
sulphate, then, even small mciements of common duct pressure will promptly 
produce reflex spasm, which in turn raises the pei fusion piessuie level neces- 
sary to overcome resistance to flow in the common duct To oveicome 
resistance at this new lei el, additional mciements of piessuie ate necessaiy, 
but these, by then distending effects, pioduce still moie spasm and inciease 
the pel fusion piessure value still moie Thus a staircase phenomenon of 
increasing pel fusion pressure values is produced befoie peiipheral ductal 
resistance is completely oveicome at a veiy high level of piessuie 

The obseivations of Best and Hicken,'* Doubilet and Colp,^® and McGowan, 
and his associates,^^ demonstrate that degrees of irritability m the duodeno- 
choledochal region sufficient to cause biliaiy tiact pam aie often encountered 
in ceitaiii types of patients Layiie and Bergh have lepoited no cases in which 
this nntability was of sufficient magnitude that mere sudden distention of 
the common duct m these patients cieated seveie reflex spasm, and a high 
degree of mechanical obstruction of the common duct In the present studies, 
comparable degrees of spasm have been pioduced by sudden distention only 
after the administration of morphine sulphate 

SUMMARY 

We believe, howevei, that these are the fiist reported patients in which 
anginal attacks have been consistently lepioduced experimentally m man, by 
distention of the common duct 

It can now be safely assumed that gallstone disease or disease of the 
common duct may aggravate the symptoms of preexisting heart disease 
Reflexes ansmg m the exti aliepatic bile passages may at tunes bring about 

1061 



RAVDIN, ROYSTER AND SANDERS 


Annals of Sureerj 
Jvtne 1942' 


a restriction in coronary blood flow which produces the symptoms of angina 
pectoris When the extrinsic factors giving rise to these reflexes are removed, 
the anginal symptoms disappear Similarly such reflexes may furthei decrease 
the coronary blood flow brought about by intrinsic changes in the coronary 
vessels While adequate surgery does not completely relieve the patient of 
his caidiac symptoms, some measuie of relief is neaily invariably obtained 

BIBLIOGRAPHY 

^ Babcock, R J A M A , 52, 1904, 1909 

2 Fitz-Hugh, T H, Jr and Wolferth, C C Annals or Sukger\, ioi, 478, 1935 
® La3'ne, J A , and Bergh, G S Surg , Gynec , and Obstet , 70, 18, 1940 
^Bellet, S, and Meade, R H, Jr Personal communication 
® Scott, H G, and Ivy, A B Arch Int Med, 49, 227, 1932 

® Barker, P S, Wilson, F N, and Coller, F A Am Jour Med Sci , 188, 219, 1934 
’’ Gilbert, N C , Fenn, G K , LeRoy, G V , and Hobbs, T G Trans Am Assn Phys , 
56, 279, 1941 

® Gilbert, N C Bull New York Acad Med, 18, 83, 1942 
® Best, R R, and Hicken, N F Surg, Gynec, and Obstet, 61, 721, 1935 
Doubilet, H, and Colp, R Surg, Gynec, and Obstet, 64, 622, 1937 
McGowan, J M , Knepper, P A , Walters, W , and Snell, A M Surg , Gynec , and 
Obstet , 66, 979, 1938 

Discussion — Dr Charles G MiXTER (Boston Mass ) Doctor Ravdin has 
brought clearly to our attention a problem that is always difficult — has the patient biliary 
tract disease coronary disease or has he both^ Furthermore, he has emphasized the part 
that biliary tract disease may play in the aggravation of the concomitant heart disease 
Finally he has been able to reproduce in patients in whom the common duct pathology 
has been removed the anginal symptoms by distention of the common duct 

Left-sided pain in biliary tract disease is usually explained by pancreatitis or an 
extension of the pencholecystic disease to the left side Rarely, pain may occur on the left 
side without extension of the inflammatory process On embryologic grounds, the common 
duct must be assumed to have a bilateral innervation This would explain the occurrence 
of left sided pain 

Recently, Doctors Fine and Start, of our clinic, have reported two cases of crossed 
pain in biliary tract disease The first patient was a female age 45 with an eight-year 
history of severe stabbing pain, starting m the epigastrium and radiating around the left 
costal margin and to the left scapula, occasionally to the left shoulder arm and finger 
tips The attacks were not related to food, exercise or rest A cholecystectomy had been 
performed six years previously The gallbladder had contained stones The common duct 
was normal to palpation and was not opened Recurrence of attacks of pain in the 
chest led to a diagnosis of angina There were no jaundice and no gastro-intestinal 
symptoms The electrocardiogram and glucose tolerance curve were normal Duodenal 
drainage yielded crystals At operation a single pea-size stone was removed from the 
common duct She has been symptom-free for two years 

Case 2 was a female age 71 Her first attack occurred one week before entering the 
hospital and she had had nightly seizures of girdle pain, of equal intensity on both sides 
The electrocardiogram showed a probable intraventricular block The icteric index was 15 
Cholccystogram showed cholelithiasis At operation a small gallbladder, containing stones 
was excised and stones were removed from the common duct During convalescence clamp- 
ing of the common duct drainage tube initiated pain At other times she was symptom- 
free A cholangiogram revealed a small residual stone To establish a relationship between 
the common duct stone and the preoperative left-sided pain, saline solution was injected 
both slowly and rapidly with a reproduction of the pain along the left costal margin and 
in the left scapula There was no pain reference to the epigastrium or right side It was 
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felt this procedure forced the calculus into the duodenum, as a subsequent cholangiogram 
failed to show a stone Removal of the tube was followed by rapid closure of the sinus 
and there has been no recurrence of the attacks of pain 

There is a small, but distressing, group of cases in whom symptoms persist after 
cholecystectomy with or without a demonstrable lesion of the common or hepatic ducts In 
these, severe attacks of pain persist without associated fever jaundice or elevation of white 
blood cells Dyskinesia of the biliary tract has been discussed in the literature for some 
years Dilator drugs usually give transient relief and gradually, over a period of months, 
cessation of symptoms occurs Occasionally, one sees a case characterized by more severe 
pain suggestive of definite biliary colic in whom benzedrine or atropine give no relief, 
and in whom the symptoms persist 

An example of this type of case occurred in an intelligent woman of about 40 
Follotving cholecystectomy for stones colicky pain without jaundice recurred A number 
of months later her common duct was explored but no pathology was demonstrated Her 
convalescence was uneventful except that every time the common duct tube was clamped 
an attack of colic was brought on After prolonged drainage the common duct tube 
was removed, the sinus healed readily but attacks persisted Finally, a dorsal sym- 
pathectomy with resection of the great splanchnic nerve and removal of the lower three 
dorsal ganglia was undertaken by Doctor Smithwick The patient has been free of symp- 
toms for over two years We have had two other similar cases m whom dorsal sym- 
pathectomy has afforded relief, but the time that has elapsed since operation has been 
too short to venture the assertion that they have been cured 

Dr George J HEUER (New York) Doctor Ravdin’s paper has brought up a 
great many interesting questions in this matter of association between gallstone disease 
and heart disease 

One of the interesting things that we found in a study of a fairly large senes of 
cases of gallstone disease was that a rather high percentage of the patients with gallstone 
disease who arrived at age 50 or over, had cardiorenal disease and hypertension In com- 
paring this group of cases with such information as we could get from life insurance 
statistics It was evident that patients in our senes who were over 50, and had gallstones, 
had in a much higher percentage of complications, if you want to call it that such as 
heart disease and hypertension than wc could find occurring m the normal population of 
the country m the same age-group I hope that Doctor Ravdin will indicate whether that 
has been his experience 

The question again arises as to whether gallstones in some way provoked these con- 
ditions in a higher percentage of cases or whether patients with these conditions were 
more prone to gallstones This is very difficult to get at, of course and I doubt whether 
one could arrive at a definite answer, but, certain it is, I think from our senes of cases — 
and they number some r 200 — we have studied — that there is a higher incidence of these 
cardiorenal conditions with hypertension in the age-groups over 50, than occur in the popu- 
lation ordinarily 

Dr Frank K Boland (Atlanta, Ga ) Wc have bad some reference this morn- 
ing to historical medicine and it is with the object of reminding you of another historical 
fact that I rise This historical fact also illustrates to us the diagnostic clinical acumen 
of some of the forefathers in medicine, who worked without electrocardiograms and with- 
out roentgenograms 

You will recall that John Hunter died in a hospital committee mcetihg from an 
attack of angina Hunter’s physician was none other than Edward Jenner Hunter was 
known to have these heart attacks, but Jenner insisted that he also had gallstones The 
point I wish to give you is that the autopsy revealed that Jenner was right and that 
John Hunter had gallstones and also bad coronary sclerosis 

Dr John A WolFER (Chicago. Ill ) Along the line of Doctor Ravdm’s presen- 
tation I want to put two side-lights on record One was in a woman of about 60 
years of age, upon whom I had performed a radical mastectomy A short time after the 
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operation she developed typical precordial pain, radiating down the left arm associated 
with some dyspnea and slight cyanosis The electrocardiogram was typical of coronary 
disease and as the symptoms progressed further study revealed that she had a small dia- 
phragmatic hernia and when the diaphragmatic hernia was filled with food she had the 
typical electrocardiographic findings of coronary disease and when the gastric pouch was 
empty her electrocardiogram was perfectly normal 

The other is a reversal of the syndrome exemplified by this case A man from South 
Carolina was diagnosed as having a fulminating acute cholecystitis with fever of 102° F 
and leukocytosis of 22 000 He was seen by a surgeon in that community who refused 
to operate upon him because of the severity of the symptoms He recovered went to 
Florida and I saw him the next spring 

His history was perfectly typical of chronic cholecystitis having right upper ab- 
dominal pain, distress after eating and nothing which would suggest cardiac disease A 
study of the gallbladder revealed it functioned normally Further study revealed nothing 
organic in his gastro-intestinal tract The next morning he was found dead in bed At 
autopsy there was found an enormous scar in the heart which I can only describe to you 
as looking like the bottom of a white china saucer Almost the entire myocardium had 
been replaced by a scar tissue Yet the man gave a typical gallbladder story so much so 
that Doctor Case when he examined his gallbladder he made a little note after his interpre- 
tation saying I hope that my negative cholecystographies will not deter Doctor Wolfer 
from taking this man s gallbladder out ” Yet he had no gallbladder disease, and his his- 
tory would indicate he did have the effort syndrome In other words he became distressed 
when walking and developed indigestion and pain with walking But beyond that there 
was nothing 

By the way the electrocardiogram was reported ‘Nothing significant found 


Dr Harry B ZimmermanN (St Paul Mmn ) We have sufficient diagnostic 
machinery for limited diagnosis of gallbladder disease but quite often the question comes 
up as to whether one wants to use surgical therapeutics in the presence of cardiac disease 
I am fairly convinced that there is something to the modern idea that atheromatous dis- 
ease has a great deal to do with metabolic reverses Quite often disease of the extrahepatic 
biliary tract besides gallbladder can aggravate such disturbances in the metabolism and I 
would not hesitate in persons with fairly definite atheromatous disease and cardiac disease 
to use surgical therapeutics 


Dr I S RavdiN (closing) I think the observations that Doctor Mixter and 
Doctor Smithwick have made in the patients with dyskinesia are very important observa- 
tions because everyone interested in the surgery of the extrahepatic biliary passages must 
have seen a group of patients who continued to have colic even though there remain no 
stones in the common duct 

I am sure that Doctor Heuer s observations arc correct ones There is a higher 
incidence of cardiac disease in patients with biliary tract disease patients with stones and 
a greater incidence of hypertension in the patients past 40 years of age — believe Doctor 
Heuer said 50 — than there is in the population at large 

Doctor Wolfer s observation merely accentuates the fact that we must be exceedingly 
careful in attempting to arrive at an accurate diagnosis We have however seen two addi- 
tional patients whom had we followed our inclination we might not have operated upon 
and the patients would certainly have died two patients with acute obstruction of the 
common duct who immediately went into shock so that it was impossible to record cither 
their systolic and diastolic blood pressure They were operated upon under continuous 
spinal anesthesia at a time when blood pressure could not be recorded Immediately after 
drainage of the common duct the blood pressure returned so that it could be recorded 

This merely goes to show that both of these individuals were diagnosed, initially as 
having enormous cardiac infarctions Both of these individuals showed evidence of 
preexisting cardiac infarction Both of them survived operation well, and have done 
well since operation It merely further emphasizes the fact that one can by having re- 
flexes which arise in the extrahepatic biliary passages, so accentuate intrinsic existing dis- 
cisc of the coronary \csscls as to set up a tram of events which produces nearly complete 
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cardnc incompetency and which can be relieved providing the mechanism which initiates 
these reflexes is relieved 

I am perfectly sure that many of these individuals that are not now being operated 
upon should be, and our experience has shown that the risk of operating upon these 
individuals, properly prepared before operation and properly taken care of during opera- 
tion, IS not great At the present time everyone is being operated upon with continuous 
spinal anesthesia, which I believe, in this group of patients, provides the greatest safe 
guard 


(TWtrt) 


WAR SURGERY 

The outstanding feature of the surgery of the present war as compared 
with that of the last, was the almost complete disappearance of the ward 
dressing trolley and the war gas apparatus The appalling pain caused by the 
daily, or twice daily, dressings had gone and in its place was the modern 
technic of excision and fixation Fixation was practically always by plaster of 
Pans, although in the wounds of the thigh in fat women complete fixation by 
this means was an extreme difficulty An addition to the technic was the use 
of sulfanilamide by packs or in powdered form or by insufflation on the sur- 
face of the wound, although the use of sulfanilamide had helped to prevent 
sepsis in some cases which had not come for operation for four to eight hours 
after the infliction of the wound, nothing could replace the perfect excision of 
the wound, which was the essential point in the treatment Nothing was so 
criminal as to suggest that the excision could be done badly so long as sulfanil- 
amide was used The mam problems met with now were shock for which 
fortunately the treatment was almost standardized, the prevention of sepsis, 
which depended largely on the excision of infected and dead tissues and the 
wide opening-up of tissues which had become infected and fractures of the 
pelvis, which had occurred more frequently than normal owing to the falling 
in of bombed houses In many of these cases of fractured pelvis there was a 
rupture of the urethra, and it would be well if agreement could be reached on 
the ideal treatment of this complication 

— T P McMurray at a meeting of the Liverpool Medical Institution as 
reported in the British Medical Journal 
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The SURGICAL treatment or cancer of the pancreas and ampullary 
legion has leceived recently increased attention The successful removal of 
large portions of the pancreas, together with the ducts, has been reported 
by various authors This expei lence has modified some of the established con- 
cepts of the physiology of the pancreas, and particularly concepts regarding 
the indispensabihty of the external secretions of this organ 

The successful lemoval of cancels m this hitherto inaccessible region has 
encouraged internists to leview again the early signs and symptoms of this 
disease,’- m the hope of finding moie patients with the disease still in an opera- 
ble stage Since no one individual has acquired a large expeiience m the 
management of these patients and since the suigical technic is still m the 
developmental stage, the authois wish to present six additional cases for 
discussion 


CASE REPORTS 

Case I — Histoiy No 7023 W P , male, age 48 Advutted June iS, 1932 St\ 
months — attacks of siibscapulai pain, five months — glycosuna, thiee months — abdominal 
pain on lechmng, 1 elicvcd by standing, two months — constipation, anorexia, weakness, 
weight loss Small left abdominal tiimoi Diagnostic exploiation, cancel, body of pan- 
el cas Splenectomy and subtotal icscction of panel cas Recovciy Died five months 
postopci ative 

Chief Complaint — (i) Pam m the back and stomach (2) Weakness 

Picsent Illness — Onset January, 1932, with dull, nonradiatmg, left subscapular pain 
m attacks lasting one to two days, increasing in frequency to admission In March, 1932, 
he experienced a sensation of heaviness m the upper abdomen, described as “feeling as 
though the stomach were all cramped-up ” This pain was relieved by standing up, lean- 
ing forward or flexing the thighs on the abdomen This sensation, which he felt during 
the whole day, had recently been waking him from sleep at night There had been in- 
creasing constipation and weakness with a weight loss of 15 pounds m two months In 
February, 1932, during an insurance examination, a small amount of sugar was found 
m the urine and this had been verified on subsequent tests 

Past Histoiy was negative except for bleeding hemorrhoids 

Physical Examination — Showed a well-developed but emaciated man, with pale and 
sallow complexion “He had the general appearance of a person suffering from malign- 
ancy” General oral sepsis and carious teeth Abdomen showed slight tenderness m the 
epigastrium and just to the left of the midline was an indefinite small palpable tumor 
mass Remainder of examination was irrelevant 


Read before the American Surgical Association, Cleveland, Ohio, April 6-8, 1942 
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Laboiaioty Data — Fasting blood sugar On admission — 79 mg , two hours after 
ingestion of 50 Gm of glucose— 128 mg Repeat fasting— 130 mg Urine Normal, no 
sugar Blood R B C 35 Hemoglobin 95 per cent W B C normal Repeated stool 
examinations showed presence of bile and no blood or other abnormalities Gastric an- 
alysis Fasting — HCl i cc , after histamine — HCl 10 cc Roentgenograms of the gastro- 
intestinal tract and lumbodorsal spine negative 
Operation — SCH July 6, 1932 
Pi eopeiaiwe Diagnosis — Retroperitoneal tumor 
Postopeiative Diagnosis — Carcinoma of the body of the pancreas 
Piocedme — Splenectomy and subtotal excision of the pancreas 
A left upper rectus incision was made On exploring, it was found that a dense 
mass, measuring 4-5 cm m diameter, lay directly over the aorta m the midlme at the 
level of the pancreas By dividing the gastrocolic omentum so as to give exposure to 
the pancreatic region, it was found that this mass lay m the body of the pancreas, and that 
excision of it meant an excision of the pancreas An attempt was made to work around 
the mass from above and below^, but it was found quite impossible to establish the exact 
line of cleavage Consequently, the spleen was freed from the parietal peritoneum inward 
toward the midline, the tail of the pancreas elevated and then dissection proceeded with, 
posteriorly, until the pancreas was freed up as far as the underlying superior mesenteric 
artery Dissection was then started at the head of the pancreas and it was found possible 
to get between the tumor mass and its attachment to the duodenum The pancreas was 
divided bew'een crushing clamps, leaving a ribbon of pancreas i cm wide on the duodenum 
The dissection then proceeded to the left and the splenic vein w'as identified as it entered 
the portal vein and largely surrounded by tumor tissue The portal vein was isolated from 
the tumor mass and a clamp placed across the splenic vein at its junction with the portal 
vein and divided Dissection was then carried medialwards, the mass dissected off the 
hepatic artery and the superior mesenteric artery, the splenic artery then being ligated and 
divided and the mass removed The large intestine covered the raw' aiea The w'ound 
was closed without drainage 

Postopeiative Com sc — The patient had a rather stormy course for the first 12 hours 
postoperatively, but thereafter made a rapid and steady gam Repeated uranalyses be- 
fore and after operation, including routine diabetic fractional specimens four times daily, 
revealed only a very infrequent small trace of sugar Repeated stool examinations post- 
operatively revealed no evidence of failure to digest fats The patient was discharged 
from the hospital 17 days postoperative, with instructions to follow a diet of 70 Gm pro- 
tein, 100 Gm fat and 200 Gm carbohydrate He tested his own urine Follow-up on 
this diet revealed that he gamed w'eight, had an excellent appetite and no difficulties w'lth 
digestion or sugar in the urine He died five months postoperative, piobably of metas- 
tases, although no postmortem examination was obtained 

Pathology Note — The pancreatic tissue w'as exceedmglj fiim and on section its nor- 
mal architecture w'as entirely lacking, being replaced by coarsely granular, yellow-gray 
tissue There were no areas of hemorrhage or calcification There W'as one large lymph 
node found to contain tumor tissue Microscopic examination confiimed the gross im- 
pression of an extensive destruction and fibrosis of pancreatic tissue Even large blood 
vessels were occluded by fibrosis The tumor w’as an adenocarcinoma invading lymph 
nodes and along nerve sheaths There were numerous mitotic figures and a tendency to 
acinar formation 

Comment This patient was the fiist of our series, and while a tentative 
diagnosis of carcinoma of the pancreas was made, it was by no means certain 
He had a six-months history of pain, now' 1 ecognized as charactei istic of car- 
cinoma of the panel eas, namely, pain W'orse on leclmmg' and relieved by 
leaning forward or relaxing the abdomen In spite of removal of all but a 
small fraction of the pancreas he show'ed no sugar and gained weight on a 
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mild limitation of diet There were no evident disturbances of fat metabolism 
He bad lymphatic metastases at operation, and while the cause of death is un- 
known, It was likely due to extension of the tumor An earlier diagnosis oi 
exploiation might have yielded a successful result 

Case 2 — Hisioiy No A94807 L P , male, age 60 Admitted Jidy 17, J939 Two 
months — itching, jaundice, zveight loss 26 pounds riansduodcnal lesection cancel of 
ampulla, zoiih reimplantation of common and panel eatic ducts No evidence of lecuiieiice 
tzuo yeais eight months Living and zvcll 

Chief Complaint — Itching 

Piesent Illness — Began a little more than two months before admission with itching, 
shortly followed by jaundice, claj -colored stools and dark urine Although his appetite 
and digestion were said to have remained excellent, he had lost 26 pounds weight He 
had no pain 

Physical Ezamination — Positive findings were a deeply jaundiced skin, with manj’' 
small red annular lesions , eyes sunken, sclerae icteric, retinal arteriosclerosis , mouth 
septic with advanced caries, abdomen slightly distended and tympanitic, slight tender- 
ness m right upper quadrant, where a smooth, firm liver edge was felt 2 cm below costal 
margin The spleen could be felt on deep inspiration He also had bilateral inguinal 
herniae, and a diffusely enlarged prostate 

Laboiatoiy Data — Urine Normal except for bile 4+ Blood Normal Icteric 
index 60 units Liver function (bromsulfalein) five minutes — 85 per cent dye retention, 
30 minutes — 45 per cent dye retention Stools Noinial except for absence of bile 
Roentgenologic gastro-mtestinal series and intravenous cholecystogram negative Impies- 
sion — Carcinoma of head of pancreas or ampulla 

Opeiation — AWO August 2, 1939 Transduodenal Excision of Carcinoma of 
Ampulla of Vater The liver was found to be enlarged, the suiface was rough and 
granular in appearance with some cirrhosis The gallbladder was markedly dilated and 
the common duct 2 5 cm m diameter Palpation revealed no evidence of stone The 
only abnoimal finding, and that indefinite, was a small soft mass in the region of the 
ampulla The second portion of the duodenum was mobilized and a longitudinal in- 
cision made in it opposite the ampulla A flat, cauliflower growth was found arising from 
the ampulla It was i cm in thickness and 3 cm in width, with a papillary structure A 
portion of this was excised for biopsy which was reported benign A probe could be 
readily passed into the pancreatic duct but the common dnet was completely obstructed 
The tumor was resected by a circular incision 3 cm in diameter, the base of the tumor 
being I cm 111 diameter The incision was carried through all lavers of the duodenum 
and thence across the ducts at a depth of 2 cm As the common duct was cut there was 
a free flow of bile The cut ends of the common and pancreatic ducts were then mo- 
bilized and sutured together with fine inteirupted silk The edges of the duodenal mucosa 
were then sutured to the common and pancreatic ducts, forming a slight pit It was 
necessary to do some slight mobilization of the duodenal mucosa in order to accomplish 
this The opening m the duodenum was then closed m the usual manner No drains 
were used 

Postopci ative Com sc — This was smooth and he made an uneventful coiwalescence 
A postoperative check-up film was taken showing the defect m the duodenum Repeated 
roentgenograms since have shown no evidence of recurrence, and the patient continues 
m good health with no complaints 

Pathology Lfote — The biops> had been taken from the surface of the cauliflower 
tumor The pedicle was firm and extended into the common duct, completely occluding 
it and invading the wall of the pancreatic duct Microscopic examination revealed the 
base of the tumor to be adenocarcinoma, Grade II, apparently arising in the base of a 
papilloma There appeared to be an adequate margin excised 
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Coinmenf — This patient had a papillary cauliflower tumor apparently 
aiising within the common duct, since this was completely occluded The 
pancreatic duct was involved but still patent The soft, flattened, sessile char- 
acter of this tumoi permitted it to blend with the duodenal wall in such a 
manner that it was not visualized roentgenographically While the tumor 
was completely removed, as shown by histologic examination, and there has 
been no evidence of lecuirence m two yeais and eight months, nevertheless, 
the question may be raised as to whethei this type of local excision was 
adequate treatment of this condition This was the only patient in this series 
with the classical syndrome of painless jaundice 

Case 3 — Htstoiy No B6323 J B , male, age 70 Admitted May 16, 1941 One 
yeai — anoicxia, nausea, vomiting and weight loss Tlnce weeks — pain and jaundice, 
hepatomegaly, epigastnc mass, i ocntgcnogiaplnc def 01 nitty of duodenum, two-stage opci- 
ation Cholecystojejunostomy enteio-cntci ostomy, icscction of duodenum and head of 
panel eas, gasti ojejunostomy Recovery Sudden death tince months postopeiative 

Chief Complaint — Abdominal pain and nausea 

Piesent Illness — He first came to the Medical Clinic in July, 1940, at which time 
he was examined to determine the cause of his complaint of anorexia, nausea, vomiting 
and weight loss of 20 pounds Impression was that of generalized arteriosclerosis and 
hypertension, aneuiysm of abdominal aorta, and probable duodenal ulcer Laboratory 
data was essentially negative, including gastric analysis At that time he had a question 
of clay-colored stools for a short period Roentgenologic examination was advised but 
the patient did not return until ten months later, May 16, 1941 During this interval he 
continued at his work but suffered off and on with dull intermittent abdominal pain 

Three weeks before admission he noticed jaundice for the first time, which became 
progressively more intense, followed by itching At the same time the dull intermittent 
epigastric pain became more severe The abdominal throbbing which had been present 
since July, 1940, remained the same He became constipated and his stools were wdiite, 
although his diet had been restricted to skimmed milk, eggs and fat-free foods With 
the onset of the present illness he developed shortness of breath and dyspnea He had lost 
15 pounds in the past month 

Physical Examination — Showed a chronically ill, emaciated, jaundiced elderlj man 
Positive findings w'ere oral sepsis and carious teeth , a slightly distended abdomen with 
audible and visible peristalsis , dilated epigastric veins , liver extended to anterior su- 
perior iliac spine and was nontender, with a sharp, firm, irregular edge In the mid- 
epigastrium there was a hard mass adjacent to the aorta There was pitting edema of 
the feet wnth generalized arteriosclerosis 

Laboiatoiy Data — Blood RBC 306, WBC and smear normal Blood sugar 
(fasting) 83 mg per cent N P N 33 mg per cent Icteric index 100 units Van 
den Bergh Duect reaction 20 seconds, indirect reaction, 27 mg/ioo cc Prothrombin 
time normal Serum proteins 5 63 mg per cent , serum albumin 3 03 mg per cent , 
serum globulin 2 60 mg per cent Stools Ciay-colored, bile and blood negative Blood 
studies (fats) Serum titrated fattj acids 100, serum lipoid phosphorus 80 mg per 
cent, serum total cholesterol 159 mg per cent, serum unestenzed cholesterol 53 mg 
per cent Liver function (bromsulfalein) 20 minutes — 50 per cent dye retention Gastric 
analysis Free HCl — 33 wvts , after histamine, free HCl— 74 units 

Roentgenologic Examination — (i) Narrow’ed and deformed distal first and proximal 
second duodenum (piobabh primar\ carcinoma of biliarj tract, with secondary involve- 
ment of duodenum) , (2) dnerticulosis of colon and (3) atjpical small intestinal pattern 
(deficiency state) 

Opciation — A WO Mav 27, 1941 Cholecvstojejunostomv', Entero-enterostomv An 
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upper right rectus incision was made The liver extended to the crest of the ilium and 
was a deep purplish color mottled with yellow, with a coarse granular surface The gall- 
bladder and common duct were markedly distended A movable tumor was found in 
the head of the pancreas about the size of a tennis ball There was no evidence of 
metastasis The jejunum was divided about three feet below the ligament of Treitz and 
an end-to-side anastomosis was performed, leaving a proximal blind end about i8 inches 
in length which was anastomosed to the fundus of the gallbladder The wound was closed 
without drainage 

The patient made an uneventful recovery, and in four days the icteric index had 
dropped to 15, and bile was present in the stools The patient’s appetite improved, he 
put on weight, was ambulatory, and his deficient state seemed reasonably well corrected 
Bromsulphalein liver function test showed 4 per cent dye retention in 30 minutes 

Second Opeiation — AW 0 July 16, 1941 Resection of Duodenum, Head and Part 
of Body of Pancreas, with Posterior Gastrojejunostomy An upper right rectus para- 
median incision was made The adhesions from the previous operation were readily 
divided and the duodenum was exposed The tumor was found to be about one-half the 
size it had been on the previous operation and it was more freely movable The lateral 
border of the duodenum was readily mobilized and turned up off the vena cava, exposing 
the undei surface of the pancreas The inferior portion of the duodenum was readily 
dissected free, passing underneath the colic vessels in the mesentery and entering the 
free peritoneal cavity at the ligament of Treitz No bleeding was encountered during 
this part of the procedure The right gastric and gastroduodenal arteries were ligated 
and the pylorus was mobilized, clamped and divided The jejunum was picked up at the 
ligament of Treitz The anastomosis to the gallbladder had been far enough down the 
bowel so that there was ample jejunum A posterior gastrojejunostomy was performed 
in the usual manner The common duct was then isolated, divided and triply ligated with 
silk The ligatures were spaced 0 s cm apart, the proximal being not too tight and the 
distal transfixed The dissection was then carried along the portal vein from below 
upward, ligating the small tributaries as well as the inferior pancreatic duodenal artery 
The dissection was carried through the pancreas on the left of the portal vein The 
pancreatic duct was separately ligated The pancreas was very fibrosed and indurated 
Two mattress silk sutures were placed m the cut end of the pancreas The duodenum 
was clamped in its third portion, divided and inverted with a Parker-Kerr stitch, rein- 
forced with interrupted silk sutures A Penrose sheath-dram was placed to the cut end 
of the pancreas It was an easy operation, the patient stood the procedure well, and left 
the table in good condition 

Postoperatwe Cowse — ^The convalescence was uneventful until the seventh post- 
operative day, when what appeared to be a clean wound broke down There was marked 
tryptic activity of the secretion and superficial suction was used Four days later bile 
suddenly began to dram and continued for two weeks Suction was maintained, the 
wound slowly healed and the patient was discharged on the fortieth postoperative day 
He had a fair appetite and slowly gained weight on a low fat diet He had no diarrhea 
or gljcosuria but occasionally complained of transient, vague lower abdominal pains He 
appeared to be doing well when he suddenly died, three months after operation No 
postmortem examination was obtained 

Pathology Note — The tumor in the head of the pancreas was 2X3 cm in diameter 
and occluded both the pancreatic and common ducts In and around the mam tumor were 
numerous small cysts filled with clear yellow gelatinous material The duodenal mucosa 
was not involved Microscopically, the tumor was made up of cells varying m size and 
shape invading the stroma of the gland Many of the cells were secreting mucus and 
some of the acini formed by the invading cells were filled with mucus Some of the tumor 
cells were found invading the parenchyma of the regional lymph nodes by direct exten- 
sion and by metastasis Pathologic Diagnosis — ^Mucus secreting adenocarcinoma of the 
head of the pancreas, with metastases to local lymph nodes 
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Comment — This patient had symptoms severe enough to bring him to the 
clinic one year before admission Roentgenologic examination was advised 
but he did not return Since there was a marked deformity of the duodenum 
on admission it is likely that a diagnosis could have been made earlier He 
had severe liver damage, with a high icteiic index and low protein previous to 
the first stage His general condition was markedly better when the second 
stage was performed The dram left m at the second operation undoubtedly 
contributed to the wound disruption, since theie was active tryptic secietion 
in the wound There was bile drainage and clay-colored stools foi two weeks, 
indicating that the common duct may also have been digested in spite of a 
double ligation and transfixion with silk Postoperatively, he had no glycosuria 
or dianhea and was gaming weight Cause of sudden death unknown He 
had severe arteriosclerosis and mild decompensation Lymphatic metastases 
were also found in the specimen 

Case 4 — History No £4275 H M , male, age 44 Admitted June 10, 1941 TJuee 
months — gaseous indigestion and constipation Five weeks — dull epigasti ic pain and ful- 
ness Ten days — lumbai pain Two days — jaundice, ten pounds’ ivcight loss Tivo-stage 
opeiation Cholecystojejunostomy, entei o-entei ostomy , lesectwn duodenum and pancieas, 
gash ojejunostomy Recoveiy Living and well nine months 

Chief Complaint — Jaundice 

Piesent Illness — Thirteen weeks before admission he developed an upper respiratory 
infection accompanied by constipation This was followed by a gradually increasing 
sensation of epigastric fulness, indigestion and belching, relieved by bisodol All of these 
symptoms increased and were worse two hours after eating Five weeks before admission 
he consulted his physician who made a tentative diagnosis of peptic ulcer and gave him 
a diet His symptoms increased in severity, and ten days before admission he developed 
pain in the lumbar region at the same time as the epigastric fulness Two days before 
entry he noted jaundice and clay-colored stools During the past three weeks he had 
noticed increasing fatigue and had lost ten pounds’ weight Family Histoiy — Mother 
died of diabetes 

Physieal Evamination — Showed a heavy, well-nounshed individual, not appearing 
acutely or chronically ill There was a slight icteric tint to the skin, and the liver edge 
was just palpable below the costal margin Otherwise negative 

Laboiatojy Data — Urine Bile positive Liver function (bromsulfalein) July 6, 
1941 — five minutes — 45 per cent dye retention , 30 minutes — 22 per cent dye retention 
July 18, 1941 — Blood fats Serum titrated fatty acid 195 mg per cent per liter, serum 
lipid phosphorus ii i mg per cent, serum total cholesterol 2450 mg per cent, serum 
unesterized cholesterol 72 0 mg per cent 

Roentgenologic Eianiination — This showed cardiac enlargement, calcified pulmonary 
tuberculosis and hilar lymph nodes, old pleurisy, left base Duodenal loop vide, as if 
there were a tumor in the head of the pancreas The lesser border was more smoothly 
outlined than the greater border of the curve , there was a question also of duodenal ulcer 

Opeiation — A W O June 23, 1941 Cholecystojejunostomj , Entero-enterostomy 
A right upper rectus incision was made, and the gallbladder and common duct \\ ere found 
to be greatly dilated There was a firm mass, 4 cm in diameter, in the head of the pan- 
creas in the region of the common duct medial to the second portion of the duodenum 
The tumor was freely movable There was some thickening in the pjlorus suggesting 
an ulcer The jejunum was divided and an end-to-side anastomosis vas performed The 
blind end was then anastomosed to the fundus of the gallbladder in the usual 
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Postopaatwc Coin sc was uneventful His symptoms disappeared, his appetite im- 
proved, and the laboratory findings were all normal 

Second Opoaiwn — A WO July 21, 1941 Resection of the Duodenum and Head 
of the Pancreas with Posterior Gastrojejunostomy A right rectus incision, excising the 
old scar, i\as made The tumor was found to be reduced to almost half the size found at 
the previous operation The peritoneum was incised along the lateral border of the 
duodenum which was reflected mediallv with the head of the panel eas Considerable 
bleeding was encountered in this usually avascular area A very liberal collateral cir- 
culation seemed to have been developed The right gastric and gastroduodenal arteries 
were then ligated and the pyloric region was mobilized, clamped and divided The 
jejunum was then brought up through the tiansveise mesocolon and a posterior gastro- 



jejunostomy was performed in the usual manner The common duct was then divided 
and triplj ligated wuth silk 0 5 cm apart, the distal suture transfixing the duct Inad- 
■vertently, the intravenous therapy had failed to function properlv and the patient w'ent 
into shock Since the most difficult part of the operation lemained it w'as necessary to 
cease operating until his circulatory collapse had been corrected The last portion of the 
duodenum was found to be tied dowm by adhesions and there W'as difficulty in freeing up 
this portion This w'as further complicated by the fact that the patient was very obese 
and the mesenterj to the small bow’el greatlv thickened In order to get well around the 
tumoi it was necessary to leave a very short stump of the duodenum for inversion In 
retrospect, this part of the operation w'ould have been much easier if the division had 
been made in the jejunum below' the ligament of Treitz ratiier than in the duodenum The 
dissection was then carried along the portal vein, ligating its tributaries and the inferior 
pancreatic duodenal vessels The body of the pancreas was unusually hard The pan- 
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creatic duct, which was dilated and filled with secretion, was separately ligated A par- 
tial V-excision transversely was used and the end of the pancreas closed with interrupted 
mattress sutures The wound was closed m the usual manner with interrupted silk A 
rubber sheath drain was placed to the cut surface of the pancreas 

Postopeiahve Cowse was complicated by a right lower and middle lobe atelectasis 
However, following aspiration his vital signs were essentially noimal on the second 
postoperative day and thereafter he had an uneventful convalescence The fluid around 
the drams showed tryptic activity and continuous suction by a catheter was used On 
the eleventh postoperative day bile appeared and the stools became clay-colored Bile 
drainage ceased m five days The wound healed well but there was intermittent pan- 
creatic drainage for six weeks He was discharged August 20, 1941 

Pathology Note — The cut surface of the tumor measured 2X3 cm in diameter It 
obstructed both the common and pancreatic ducts to within i cm of the ampulla, which 
was not involved There was atrophy and fibrosis of the normal pancreatic tissue Sev- 
eral lymph nodes examined showed no metastasis Pathologic Diagnosis — Adenocar- 
cinoma of the head of the pancreas, Grade II 

Subsequent Couise — The patient returned to work one month after leaving the hos- 
pital, and has continued ever since He has been on a regular diet, and continued to gam 
weight, now being rather obese and weighing 175 pounds He has had no glycosuria, 
diarrhea or other evidence of disturbed fat or carbohydrate metabolism Roentgenologic 
Examination, December 5, 1941, shows a normally functioning gastro-intestinal tract, 
with the gallbladder and biliary tree filled with air (Fig i) Liver shows no enlarge- 
ment, March, 1942 

Comment — This patient had a short history and was m excellent condi- 
tion In retiospect, it is likely that a one-stage procedure could have been 
done successfully On the seventh postoperative day there was digestion of 
the wound evident Bile did not appear until the eleventh postoperative 
day and lasted only five days The pancreatic fistula drained for five weeks 
Postoperatively, the patient followed a routine diet on which he gained weight, 
and theie were no gross abnormalities of digestion noted Occasionally dur- 
ing the first two months postoperatively he had a mild attack of diarrhea 
The technical procedure would have been much easier in this patient if the 
intestine had been divided at the ligament of Treitz rather than m the thud 
portion of the duodenum The patient was fat and the mesentery to the small 
bowel thick These factors, plus the location of the tumor adjacent to the 
third portion of the duodenum, rendered mobilization of this portion of the 
duodenum difficult 

Case s— Hist 01 y No 7023 A C , jemalc, age 53 Admitted May 18, ig4i Siv 
months — constipation Pout months — itching Thice months — jaundice, pain, fatigue, 
clay-coloi ed stools, 20 pounds’ zveight loss Maikcd hepatomegaly Cholccystogastros- 
tomy Refused second operation until thiee months later Resection duodenum and pan- 
el eas, gasti ojejunostomy Opei alive death — acute yellow atiophy of liver 

Chief Complaint — Itching 

Piesent Illness —In November, 1940, for the first time she became constipated and 
this persisted until the character of the stool clianged in February, 1941 Earlj in January 
she developed itching over the entire bodj, worse on the extremities She consulted 
different doctors and received various lotions and was once told she had scabies She 
noted her skin was rather dark but it was not until February that it became yellow At 
this time she became easily fatigued and lost her appetite She shortly developed a sen- 
sation “as though the stomach w'ere pressing on the back bone,” food was disagreeable 
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and she frequently vomited Epigastric pain appeared which was relieved by leaning 
forward She also developed a lower abdominal cramping pain preceding bowel move- 
ments and relieved by them She had lost 20 pounds’ weight 

Past Hu/oiy— Irrelevant except for hypertension of four years’ duration 
Physical Examination — The patient was a small, emaciated woman appearing chron- 
ically ill Her skin was markedly jaundiced, having a peculiar dark bronze color, and 
there were numerous excoriations on the trunk and extremities Tongue was heavily 
coated The abdomen was slightly distended, the epigastrium very tender, and the liver 
enlarged to a hand’s breadth below the costal margin 

Laboiatotv Data — Blood RBC 42, hemoglobin 80 per cent, WBC and smear 
normal Uiine Negative except for strongly positive bile Stool Guaiac and bile 
negative Serum proteins 6 9 mg per cent , serum albumin 3 74 mg per cent , serum 
globulin 3 25 mg per cent , icteric index 95 units Liver function test 22 7 per cent 
sodium benzoate excreted in one hour as hippunc acid Van den Bergh qualitative 
direct negative , indirect, 8 75 mg per cent Gastric analysis 4 cc free HCl 

Roentgenograms negative except for displacement of stomach laterally and pos- 
teriorly because of questionable enlargement of liver 

Opciation — A W O June 2, 1941 Exploratory Celiotomy, Cholecystogastrostomy 
The liver was found enlarged to the iliac crest and had a dark purple color, with a 
pebbled surface The gallbladder and common duct were markedly dilated There was 
a mass 3 cm in diameter 111 the region of the common duct behind the second portion of 
the duodenum and in the pancreas There was considerable edema and numerous dilated 
vessels Some time was consumed in dissection and t’^ying to decide whether this was 
a stone in the common duct or a tumor An unsuccessful biopsv was attempted Finally 
a cholecystogastrostomy was performed 

Postopei atwc Cout^c — Uneventful The icteric index quicklj fell to normal and the 
itching promptlv ceased The jaundice slowlj faded her appetite returned and symptoms 
disappeared She felt so well that she refused further operative treatment and was dis- 
charged June 23, 1941 She continued to improve at home, gaining weight to 90 pounds 
She had never weighed over 100 pounds She wished to continue her dog farm during the 
profitable season but was finally persuaded to return to the hospital on August 24, 1941 
In the meantime she had shown no free hydrochloric acid fasting but 16 units after 
histamine Bromsulfalein liver function, 25 per cent dye retention 111 seven minutes, and 
no dye retention at 30 minutes Icteric index 3 

Sei ond Opei ation — A W O August 28, 1941 Resection Duodenum and Pancreas , 
Gastrojejunostomy, posterior An upper right rectus paramedian incision was made The 
liver was still enlarged to four fingers below the costal margin The tumor, instead of 
being smaller as in previous cases, had enlarged to 6 cm in diameter The first im- 
pression was that it was inoperable but as the dissection was begun it seemed that there 
was some possibility that it might be removed The peritoneum was incised along the 
lateral surface of the duodenum which was turned up with the head of the pancreas 
The right gastric and gastroduodenal vessels were ligated, the pylorus clamped and 
divided The dissection was then carried along the inferior portion of the duodenum, 
entering the free peritoneal cavity at the ligament of Treitz A specially devised curved 
clamp was then carried under the vessels of the mesentery The transverse colon was then 
reflected upward exposing the ligament of Treitz, and the clamp which was placed on 
the proximal jejunum A Peyer clamp (Fig 2) was placed just distal to this and the 
jejunum divided and inverted The usual posterior gastrojejunostomy was performed 
The dissection was then carried along the portal vein ligating the tributaries The 
tumor was found tightlv adherent to the wall of the portal vein, which at one point was 
entered but readily repaired The remainder of the dissection proceeded without inci- 
dent The patient had had a stormy anesthesia and it was necessary to resort to drop- 
ether However, she stood the operation quite well At the completion her systolic blood 
pressure was 100-1 10, and pulse 90 
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Postopetative Cou>sc — ^This patient never regained consciousness in spite of all sup- 
portive measures She became rapidlj’’ and deeply jaundiced, and died within 48 hours 
Sections of the h\er showed typical acute ^ello\\ atropln 

Comment — Theie was undue delay m the diagnosis of this patient, and 
the primary hvei damage tvas severe A eholecystogasti ostomy ttas per- 
formed at the hist stage as being the simplest means of lelieving the biliary 
obstruction in a critically ill patient The optimal time foi the second stage was 
missed owing to the patient’s lefusal This situation, in itself, may be used as 
an argument for a one-stage pioceduie When the second stage was at- 
tempted in this patient the tumoi was laigei than it was at the time of the 



Tig 2 — Ca>e 5 A special damp is used for dnision of the jejunum 


hist operation wheieas m all the othei two-stage pioceduies the tumoi w'as 
smaller at the second opeiation than wdien seen at the fiist stage In retro- 
spect, this patient must also be consideied as inoperable owing to extension 
of the tumor involving the portal \em, although this could not be determined 
without dissection ot this area Also, m letiospect. an unwise attempt w'as 
made to perfoim a ladical iemo\al of the tumoi She de\ eloped a t>pical 
syndrome of acute \ellow atroph) of the Inei proren histologically The 
cause of this is unknown but it is possible that a heavy etlier anesthesia, 
m the presence of an ahead} damaged Inei, ma\ ha\e contributed to the fatal 
outcome 
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Case 6 — History No 817187 V A , female, age 50 Admitted June 30, 1941 Three 
months — voluminous, frothy offensive stools, two months — anorexia and ciamps pieced- 
ing defecation, one month — red scaly eruption on hands and ankles, fissures at coiner of 
mouth, 30 pounds’ weight loss, five days— jaundice, glycosuria One-stage resection 
duodenum and pancreas, cholecystojejunostomy , posterior gastro-enterostomy Recovery 
Diarrhea, diabetes and weakness peisist but no evidence of iccunence Avitaminosis 
Still living nine months 

Chief Complaint — Voluminous stools 

Present Illness — Began three months before admission when one morning she passed 
a large malodorous, foamy, light-colored stool During this morning she had three such 
stools and since that time she had had two to four similar bowel movements each day 
Shortly after this she was placed on a bland diet without added vitamins and remained 
on this until admission During this period she had had no pain except for a crampy 
generalized abdominal ache before defecation Her appetite was poor and she had lost 
30 pounds of weight During the month preceding admission a dry, scaly, reddened 
eruption appeared on the dorsum of the hands and ankles and fissures developed about 
the corners of the mouth She had never been jaundiced and stated that she did not 
have diabetes Past hist 01 y and family history irrelevant 

Physical Examination — The patient was an emaciated woman, appearing chronically 
ill There were scaly, erythematous, desquamating lesions on the ankles and dorsum of 
the hands The corners of the mouth showed many fine fissures The liver edge was 
palpable two fingers’ breadth below the costal margin A stony-hard 4 cm -mass, which 
moved slightly with inspiration, was palpable in the right upper quadrant, just to the 
right of the midline 

Laboiatoiy Data — Blood RBC 37, hemoglobin 78 per cent White count and 
smear normal Urine Albumin +, sugar 4-I-, acetone 2-4- Stools were light greenish- 
brown, soft, semiformed, bile negative Some specimens were guaiac positive and others 
negative Icteric index 8 Fasting blood sugar 159 mg per cent N P N 18 mg per 
cent Prothrombin time 28 per cent of normal Gastric analysis Free HCl — 65 units 
After histamine, free HCl — 76 units Serum albumin 3 95 gm per cent , Serum globu- 
lin 190 gm per cent. Calcium 991 gm per cent, Phosphorus 222 gm per cent, 
Lner function (bromsulfalein 5 mg per Kg) 5 minutes — 90 per cent retention, 30 
minutes — 60 per cent retention 

Roentgenologic Examination — Gastro-mtestmal series negative Cholecystogram 
showed 50 per cent dye retention m 30 minutes, wuth nonvisuahzation of the gallbladder 

On the ninth day after admission she became jaundiced, the icteric index was then 
35, and the direct Van den Bergh positive During this preoperative period the patient 
w'as on a calculated diabetic diet containing protein 120 Gm , fat 50 Gm , wnth added 
calcium, viosterol and nicotinic acid The insulin requirement varied from 20 to 50 
units per day 

Opciation — SCH July 12, 1941 Retrocolic Cholecystojejunostomy, Posterior 
Gastrojejunostomy , Resection of Duodenum and Pancreas An upper right rectus incision 
was made The liver was normal in appearance but the gallbladder and common duct 
w’ere markedly dilated A hard, nodular mass, grossly carcinoma, was seen in the head 
of the pancreas It was decided to perform the resection in stages in order that the 
operation might be terminated promptly if the patient’s condition did not remain satis- 
factory A retrocolic cholecystojejunostomy 40 cm below the ligament of Treitz was 
earned out as a first stage The pyloric end of the stomach was mobilized and divided 
and a posterior gastrojejunostomy was done, the proximal jejunum being utilized In 
this manner the second stage of the operation was completed The common duct was 
divided, ligated and transfixed with silk The pancreaticoduodenal artery was ligated 
in continuity and divided The first and second portions of the duodenum, together with 
the head of the pancreas, were then mobilized laterally , the pancreas was divided between 
clamps at the level of the superior mesenteric vein with preservation of the superior 
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mesenteric vessels The inferior pancreaticoduodenal artery and the pancreatic branches 
of the superior mesenteric vein were then ligated, following which the duodenum and 
tumor mass were retracted to the right and tlie duodenum divided just proximal to the 
ligament of Treitz The entire duodenum and tumor mass were then removed cn bloc 
and the distal duodenal stump closed The remaining portion of the pancreas to the left 
of the superior mesenteric vessels was then resected well out to the tail, leaving about 
2-3 cm of attenuated pancreas The wound was closed in the usual manner with inter- 
rupted silk A slip dram was placed beneath the anterior rectus fascia but not into the 
peritoneal cavity 

Pathology Notes — The tumor had complete!}' closed the pancreatic duct but the 
common duct was still partially patent Atrophic changes in the pancreatic tissue were 
marked Diagnosis was adenocarcinoma of the head of the pancreas with secondary 
fibiosis and atiophy of the acim of the body and tail, metastases to the local lymph nodes 

Postopeiatwc Comse — The patient made an uneventful recovery from the operation, 
the slip drain was removed m 48 hours, and the wound healed pet pttmam, without evi- 
dence of a pancreatic fistula The blood sugar on the morning of the first postoperative 
day was 126 mg per cent After the immediate postoperative period, and when peri- 
stalsis had returned, the patient was placed on a high protein, low fat, high carbohydrate 
diet with added vitamins, including vitamin K Viosterol and calcium were given by 
mouth The stools were dark brown, semiformed and guaiac negative, the prothrombin 
time normal The bromsulfalein test (July 31, 1941) showed no retention at the end of 
30 minutes In the serum the titrated fatty acids were 80 mg per cent per liter, the 
total cholesterol 123 mg per cent, the unesterized cholesterol 40 mg per cent, and the 
serum proteins 441 Gm per cent With the improvement m liver function there was a 
marked increase in the seventy of the diabetes, and the insulin requirement was from 
70 to 120 units per day There were several episodes of diarrhea with bulky stools, 
which responded poorly to pancreatin by mouth By the time a satisfactory lipocaic 
preparation could be obtained the patient was ready for discharge and this preparation 
was not given during hei hospital stay She was discharged from the hospital, August 
16, 1941, 35 days after operation 

She was readmitted to the hospital, September 7, 1941, with a severe diabetes, acidosis 
and dehydration Blood sugar was 329 mg pei cent She was discharged, October 3, 
1941, asymptomatic 

Since then there have been frequent attacks of diarrhea and steatorrhea, aggravation 
of the diabetes, some nausea and occasional vomiting There have been marked weak- 
ness and a failure to regain the lost w'Cight A gastro-intestinal series has showm the 
gastrojejunostomy stoma to be patent A bromsulfalein test (2 mg per Kg and, there- 
fore, not comparable with the previous test) showed a 48 per cent retention of the dye 
at the end of 30 minutes This w'as done December 30, 1941 The patient has subse- 
quently shown evidence of multiple vitamin deficiencies and is at present in the hospital 
under treatment for this condition The liver is readily felt and descends two to three 
fingers’ breadth below' the costal margin This represents some enlargement since the 
pancreatectomy On February 14, 1942, serum titrated fatty acids W’ere 14 6 mg per cent, 
and cholesterol 220 mg per cent Icteric index, March 20, 1942, increased to 40 The 
patient is now' under treatment w'lth lipocaic 

Comment — This patient, in spite of a severe avitaminosis and diabetes, 
had an nnusiially smooth convalescence follow'ing a one-stage operation, 
without diainage She did not have a pancreatic fistula, although only a very 
small amount of functioning pancreatic tissue remained She is the only one 
of the SIX patients leported wdio presented the classical symptoms of volumi- 
nous, fiothy, oflfensive stools usually associated with pancreatic deficiency 
She IS also the only one complicated by a severe and persistent diabetes 
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She had, and still has, multiple vitamin deficiencies It is not yet determined 
how much of her piesent difficulty is due to a food and vitamin deficiency 
and how much may be contributed by a lack of the external secretions of the 
pancreas 


DISCUSSION 

Since cancel of the pancieas and ampullaiy region was fully discussed 
before this society last yeai by Hunt,’’ Schnedorf and Orr,‘ Whipple,® and 
otheis, we wall limit the discussion m this paper to points illustrated by the 
cases piesented Cancel of the pancreas and ampullaiy region may well be 
consideied as an entity since it is fiequently impossible clinically to determine 
the exact site of oiigm Furtheimoie, the extension of strictly ampullary 
tumois makes it necessary for one dealing with this problem to be familiar 
with, and capable of executing the radical excision of the duodenum and 
panel eas 

Repoits on cancel of the pancieas aie frequently pessimistic, and cite, as a 
basis for this pessimism, the shoit duration of symptoms and rapidly fatal 
couise of the disease It should be lecalled, and histoiy leveals, that this 
attitude prevails when cancel of an internal oigan is first attacked thera- 
peutically Beik^ has showm, m a leview' ot the literatuie, that the average 
duration of symptoms fiom the onset of the disease to admission to the hos- 
pital IS six months, wuth exti ernes of appioximately foui to ten months This 
delay offeis considerable hope that in the futuie, as the symptoms of the 
disease become moie cleaily lecognized and the value of the ladical surgery 
inoie definitely established, more optimism legaidmg cancel ot the pancreas 
will be justified 

Symptom '! Beik^ has recently suiveyed the literature, wnth particulai 
leference to symptoms and diagnosis He states 'Tn many cases the disease 
IS mcoiiectly diagnosed and its piesence is missed m the eaily stages because 
m the mind of the aveiage physician certain impiessions of traditional diag- 
nostic criteria have peisisted despite the fact that they have been repeatedly 
showm to be false ” He found, by a poll of leceiit giaduates, that 92 per cent 
of them consideied painless jaundice the most important symptom On the 
contiaiy, a suivey of the hteiatuie levealed that jTam was one of the most 
common symptoms Both as an initial symptom and as a chief complaint, 
it w^as found m appioximately half the cases, wdieieas sometime during the 
couise of the disease pain was found in 76 pei cent of all patients 

The type of pain cannot be said to be chaiacteiistic (Cases i, 2 3, 4 and 
5) Pam such as is illustrated m Case i is most characteristic It is severe, 
and frequently desciibed as though the stomach were pressing on the back 
bone, and is wmise on lechning It is frecjuently relieved by relaxing the 
abdomen or standing up 

Jaundice, as an initial symptom or chief complaint, is less frequent than 
pain (Cases i, 3 4, and 6) It is obvious that the location and extent of the 
tumoi determine the sjmiptoms Since the cancer is located in the head of the 
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pancreas in 92 pei cent of the patients who came to operation and in 72 per 
cent of those at necropsy, jaundice sometime duimg the course of the disease 
IS a common symptom Eithei the common 01 pancieatic duct 01 both may 
be involved Even when the cancer aiises m the ampulla, one 01 the othei of 
these ducts ma)'' lemam patent In Case 2 the tumor of the ampulla com- 
pletely blocked the common duct, whereas the pancieatic duct lemamed pa- 
tent Biunschwig leported a similai tumoi the same yeai, tieated in the 
same manner, m which onl) the pancieatic duct was blocked It should be 
emphasized that while painless jaundice should lead one to suspect cancel 
of the head of the pancieas, this synch omc is found in only 18 pei cent of ail 
patients with such tumoi s It was found m only one patient in this series 

A palpable livei 01 gallbladdei is fiecjuently cited as of diagnostic sig- 
nificance The enlaigement of these oigans appeals to depend chiefly on the 
degiee and duration of the obstiuction of the common duct An enlarged 
liver IS moie iiecjuently noted than an enlaiged gallbladdei Consideiing all 
the cases wuth jaundice in the liteiatme, only half have bad a palpable gall- 
bladder Even though the common duct is completely obstiucted, wuth jaun- 
dice piesent, but foi a shoit time (Cases 2 and 4), the hvei and gallbladder 
may not have had time to enlaige 

Weight loss IS frequently piofound and lapid Beik found it to average 
26 pounds, 01 6 8 pounds pei week, and it w^as present m 87 pei cent of all 
patients Fatigue and w^eakness, as w'ell as nausea 01 vomiting, aie also fre- 
quent symptoms Caicinoma of the pancieas is fiequently thought to be 
associated wuth voluminous, foul, fiothy dianhea This is not a fiecjuent 
occuirence, and w^as found in only one of the six cases lepoited BeilA found 
diarrhea lepoited m only 11 per cent of the cases in the hteiatuie It is not 
clear why some patients have the typical fatty chan heal stool and others, 
with a similai lesion, have no obvious abnoimality of fat metabolism The 
one patient m this senes (Case 6) w'ho manifested such a dianhea also had 
a seveie avitaminosis She also had less functional pancieatic tissue 
remaining 

Laboratory Data — The 1 oentgenogi aphic findings ate variable and fre- 
quently disappointing, paiticularly wdien the tumoi is still in the operable 
stage Positive 1 oentgenogi aphic findings aie lepoited in the liteiature of 
37 per cent of all cases How^evei, man) of these weie inoperable Roent- 
genogiams may clemonstiate (i) Obstiuction of the duodenum, (2) irregu- 
lanty 01 encioachment on the duodenum, 01 (3) widening of the duodenal 
loop Occasionally a laige tumoi of the tail 01 lioch of the pancieas may be 
seen pressing on the stomach A negative roentgenogi am has no significance 
m the diagnosis of cancel of the pancieas 01 ampullary region (Cases i, 2, 
4 and 6) 

Laboratory findings are ^arlable m the piesence of caicinoma of the 
pancreas Distuibances of fat and carbolndrate metabolism might be ex- 
pected, depending on the location extent and duration of the tumor 

Glycosuria has been leported in the literature in 10 per cent of all patients 
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With cancer of the pancreas In different reports the frequency of this finding 
varies from 2 to 26 per cent Likewise, hyperglycemia was found in 20 per 
cent of all patients, with a spread of 9 to 57 per cent m different reports 
The more recent reports have a tendency to recognize a higher incidence of 
disturbed carbohydrate metabolism, probably because of more and better 
laboratory work The glucose tolerance test presents a similar variability 
Ranson, in 1935, found an impaired glucose tolerance in only one of 16 cases 
(6 2 per cent) whereas Berk found seven of nine patients (77 8 per cent) 
showed a positive test The glucose tolerance test appears to be indicated 
in all suspected cases, since it has yielded valuable information when neither 
glycosuria nor hypeiglycemia has been present 

In this series, Case i gave a history of glycosuria However, on admis- 
sion his fasting blood sugar was 79 mg per cent and a few days later it 
was 130 mg per cent He showed no glycosuria while in the hospital After 
50 Gm of glucose his blood sugar rose to a high of 128 mg per cent in two 
hours After a subtotal resection of his pancreas, leaving only a small ribbon 
I cm wide on the head of the pancieas along the duodenum, he still did not 
show glycosuria Case 6 showed a persistent 4-I- glycosuria unless controlled 
by insulin or diet Preopeiative fasting blood sugar was 159 mg per cent 
Following operation the glycosuiia fluctuated accoidmg to the diairhea, being 
less when the dianhea was greatest On one occasion, following operation, 
she was admitted to the hospital with severe diabetes, acidosis and dehydration 
None of the other patients gave evidence of disturbed carbohydrate 
metabolism 

There aie a number of experimental observations which may be cited to 
explain the variable 1 espouse of depancreatized patients It is well known that 
pancreatectomy in different species of animals lesults m diffeient degrees of 
disturbed caiboh3^drate metabolism There is evidence that this is in part 
due to the different activity of the pituitary and adienal glands In man the 
high incidence of glycosuiia in acromegalic persons is ciicumstantial evidence 
Thus, as stated by Best “The diabetic state, theiefore, may not be due pri- 
mal ily to subnormal secretion of antidiabetic hormone but to various other 
hormonal disturbances, especially of the pituitaiy and adrenals” It may be 
added that the thyroid also plays an indirect role In support of this we may 
cite one patient who was suffering from acromegaly, hyperthyroidism and 
severe diabetes Following thyroidectomy the patient’s pieviously high in- 
sulin requirement was reduced to a low level It is also possible 'that the 
part of the pancreas lemoved may be a determining factor It is known that 
in the dog different parts of the pancreas contain different amounts of the 
antidiabetic factor (splenic end 4, middle 3, and duodenal end 2 units per 
Gm ) A history of preceding diabetes or a family history of diabetes may be 
obtained, as in Case 4 McKettrick and Root found carcinoma of the pan- 
creas comprised 32 4 per cent of all malignant conditions with a history of 
diabetes Others have maintained that a preceding history of diabetes is 
incidental 
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The evidence for deianged fat metabolism also piesents a similar variabil- 
ity There are now a number of living patients who have survived a subtotal 
pancreatectomy, and who have had no obvious evidence of distuibed fat 
metabolism In some of these patients there seems to be no doubt that the 
external secietions of the pancreas do not reach the intestines One may, 
therefore, infei that the external secretions of the pancreas aie not essential 
to life 01 that then functions may be taken ovei by other poitions of the 
gastio-mtestmal tract m some patients 

Various methods of determining faulty fat metabolism m cancel of the 
pancreas have been tiied but the lesults have usually been disappointing 
This may have been due to the fact that cancel of this organ does not produce 
a constant clinical syndrome nor lesult m unifoim pathologic changes m the 
pancreas Seium lipase determinations appear to hold considerable piomise 
as a diagnostic test Vaiious authors have found that the seium lipase is 
elevated in a high percentage of cases of panel eatitis Howevei, Comfort 
and Osterberg found mci eased values in only 40 5 pei cent of 69 cases of 
caicinoma of the panel eas One may conclude that the absence of evidence 
indicating disturbed fat metabolism is of no significance in the diagnosis of 
cancer of the pancreas Howevei, a seaich should be made for evidence of 
disturbed carbohydi ate or fat metabolism as its piesence m conjunction with 
othei findings may be of help 

SwQKal Tieafuienf — The preopeiative treatment of patients with cancel 
of the pancreas involves the same principles as does cancel of the stomach 01 
extrahepatic bile ducts An attempt should be made to restoie the physiology 
of the patient to as iieaily noimal as possible The causes of death, as re- 
corded by Hunt, in opeiations foi periampullaiy cancer, in the older of 
frequency, are henioiihage, peiitomtis, duodenal fistula, shock and pneu- 
monia Most of these problems have been solved by the use of vitamin K 
in the jaundiced patient, hydiochloiic acid foi the infected stomach with low 
acidity, improved surgical technic, adequate use of intravenous fluids, blood 
and plasma, the use of chemotherapy, adequate paienteial vitamins, and im- 
proved anesthesia With these consideiations in mind, there is alieady 
leason to suppose that the opeiative moitality m experienced hands will not 
exceed 10 to 15 pei cent 

The technic of the opeiation, whether it shall be local or ladical, one-stage 
or two-stage, and the treatment of the bile and pancieatic ducts, has been not 
yet clearly established The more formidable radical operation for cancer of 
the ampulla has been frequently avoided 111 the past Seveial of these patients, 
reported in the liteiatuie, having a local excision have had a recurrence It 
IS reasonable to suppose that m some of these a moie radical excision might 
have lesulted in a cuie Case 2 is a successful result to date (two years, 
nine months), but a local operation of this type cannot be consideied an ideal 
opeiation foi cancer, and the surgeon who approaches one of these tumors 
should be prepaied to pei foi m the ladical opeiation if indicated 

The advantages of the one- and two-stage operations have been discussed 
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by Whipple Evidence is accumulating that the one-stage operation may be 
the procedure of choice The operative mortality of the one- and two-stage 
operation, as reported, is about equal, although the numbers reported appear 
to be too few to enable one to draw final conclusions There are undoubted 
and obvious advantages m a radical removal of the tumor at one operation, 
and it IS to be hoped that this will be possible as moie patients are diagnosed 
m the earlier and more favorable stages of the disease Howevei , it is likely 
that a two-stage opeiation may still be indicated in some patients, and the 
problem is laised as to when this is necessary If the cancel is localized in 
the tail of the pancreas and lemoval of the duodenum is unnecessaiy, there 
IS no indication for a two-stage opeiation (Case i) Theie is also no indica- 
tion for a two-stage operation m the lare patient with a small cancer of the 
ampulla which can be excised with an adequate margin and the ducts reim- 
planted (Case 2 ) The ladical excision of the duodenum and panel eas \Mth 
a cholecystojej unostomy and gastrojejunostom}^ would not seem to be contia- 
mdicated if the liver has not been seiiously damaged and the patient is in 
otherwise good condition In letiospect, it would seem as though Case 4 
might have been safely concluded m one opeiation rather than two However, 
it IS frequently difficult to determine before operation bow well a patient will 
stand such a long and aiduous piocedure (Cases 3 5 and 6) The operation 
described m Case 6 illustrates a method whereby the piocedine may be ter- 
minated at any of three stages if the patient is not doing well, or it may be 
completed in one opeiation as 111 this case One of the chief disadvantages 
of the two-stage opeiation is illustiated by Case 5 The long-standing 
jaundice and evident livei damage appealed to indicate the advantage of a 
twm-stage operation Furtheimore, considerable time bad been consumed m 
an effort to determine whethei the patient had a cancer or a common duct 
stone She withstood the piocedure well, under ciclopiopane anesthesia, 
and it is likely she would have ivithstood a radical excision equally ivell 
Following this she felt so w'ell that she lefused the second opeiation until 
nearly thiee months latei She then appeared to be in much better general 
condition However, she took a poor anesthesia, requiring drop-ether, the 
tumoi had increased in size, and was followed by acute yellow^ atrophy of the 
liver, and a fatality 

Biliary and pancreatic fistulae have been one of tbe annoying complica- 
tions of operations for cancer of the pancieas Two patients m this series 
had biliaiy and pancreatic fistulae, and both w^ere t\vo-stage operations (Cases 
3 and 4) In both patients the biliary fistula ajipcared several days after 
the pancreatic secretions appeared The pancreatic secietions possessed 
marked tryptic activity, suggesting that this may have been a factor m digest- 
ing the common duct closure In both patients the common duct was ligated 
with silk at the second operation It is possible that the biliary fistulae could 
have been avoided by ligation and division of the common duct at the first 
operation, before the pancreatic secretions were freed Both of these patients 
had drains placed to the cut surface of the pancreas Since the one-stage 
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opeiations (Cases i and 6) were not drained, one might assume that this was 
responsible for the fistulae However, both of these patients had little indi- 
cation for drainage since, in Case i, the ducts draining the remaining pan- 
creas were still intact, and m Case 6. onl)^ a very small amount of the atrophic 
tail of the panel eas lemamed In Cases 3 and 4 the ducts were filled with 
secretion at the time of operation and more secreting pancreas remained 
ui situ 

Some surgeons have anastomosed the jejunum to the common duct, which 
may be prefeiable to the cholecystojejiinostomy Leakage tiom the ligated 
common duct might thus be avoided The cholecystogastrostomy appears to 
have fallen into disrepute owing to constriction of the stoma and the fact 
that It IS frequently followed b)^ subsequent liver damage Data is not avail- 
able as to wfiiether this liver damage may occur only in those patients with an 
infected gastiic content owing to absence of hydrochloric acid It is worthy 
of note that all patients with a cholecystojej unostomy have shown air through- 
out the biliary tiee, indicating the possibility of ascending infection by this 
route likewnse 


Table I 

RfiSUMfi OF CLINICAL DATA 


Case 

I 

2 

3 

4 

5 

6 

Average 
in Liter- 
ature* 

Pain 

+ 

0 

+ 

•4- 

+ 

0 

Sot-76% 

Jaundice 

0 


-f- 

+ 

+ 

0 

aat-6p% 

Pounds weight 
loss 

IS 

26 

20 

10 

20 

30 

87% 

Av 26 lbs 

Fatigue and 
weakness 

-f- 


+ 

+ 

+ 

+ 

Si% 

Nausea or vom- 
iting 

-h 

-h 

0 

+ 

-f 

+ 

+ 

42% 

Diarrhea 

0 

0 

0 

0 

0 

+ 

11% 

Glycosuria 

+ 

0 

0 

0 

0 

+ 

10% 

Location of 
tumor 

Body 

Ampulla 

Head 

Head 

Head 

Head and 

82% of all 
cases in 

Operation 

Resection 

Resection 

Resection 

Resection 

Resection 

body 

Resection 

head 

Results 

spleen and 
pan only 

Died 5 mos 

tumor 

trans- 
duodenal 
Living and 

duod and 

pan 

2 stages 
Died sud- 

duod and 
pan 

2 stages 
Living and 

duod and 

pan 

2 stages 
Op death, 

duod and 
pan 

I stage 
Living, 9 



postop 
with met- 
astasis 

2 

yrs and 8 

mos 

denly 3 
mos 

postop 

well, 9 

mos 

acute yel- 
low 

atrophy 

mos 



* Berk, J Edward* 
t Initial symptom only 


The postoperative care of patients following a radical resection of the 
pancreas is not clearly established It appears that only a Aeiy small amount 
of pancreas is necessary to prevent diabetes It appeared m only one patient 
in this series, and was present before operation (Case 6) It also appears 
that 111 some patients the external secretions of the pancreas are not essential 
to life If further experience should prove that the external secretions are 
essential in some patients, then some satisfactory method of anastomosing 
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the pancreatic ducts to the intestine must be developed More observations 
and a careful follow-up will be needed to determine whether such changes as a 
fatty infiltration of the liver will occur The nature of hpocaic and how 
It prevents fatty infiltration of the liver is not clear Recent observations 
indicate that hpocaic, pancreas, iice polishings and yeast contain a dietary 
factor which prevents this liver damage Hence, it may be found that a patient 
with a normal liver and an adequate diet may lequire no supplementary 
therapy (Case 4) It appeals that most of the known enzymatic functions 
of the external secretions of the pancreas may be performed to a greater or 
less extent by some other portion of the gastro-intestinal tract 

SUMMARY AND CONCLUSION 

(1) Six patients with cancer of the pancreas and ampullary region are 
reported 

(2) There was one local excision of cancer of the ampullary region and 
five radical operations, with one fatality (166 per cent) 

(3) There were foui ladical excisions of the duodenum and pancreas 

(4) Thiee of the six patients aie still living, one of whom has symptoms 
of distill bed carbohydrate and fat metabolism 

(5) The external secietions of the pancreas in some patients do not 
appeal to be essential to life 

(6) Eailiei diagnosis of more patients with cancer of the pancreas, still 
in the Opel able stage, is possible The ladical excision of the tumor is also 
possible, with a comparatively low mortality More observations and follow-up 
repoits on patients having these operations are needed 
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Discussion — ^Dr Allen O Whipple (New York. N YO The remarks that 
Doctor Churchill made this morning in regard to the radical procedures for carcinomata 
of the lower end of the esophagus and of the cardia, apply very aptly to this operation for 
carcinoma of the pancreas in the ampullary region of the duodenum The operation is 
unquestionably m an experimental stage That is obvious from the study of the cases 
that have been reported recently 

Doctor Harvey and Doctor Oughterson were among the members of this society who 
very kindly sent to me the reports of their cases, and I wish to express my appreciation to 
the members of the Association for this courtesy, whether they were published or not I 
certainly would appreciate others doing so 

During the past year some 23 radical operations with removal of the duodenum and 
the head, or more of the pancreas have been reported in the literature or have been re- 
ported to me by surgeons here and abroad, bringing the total number of these operations 
since 1935 to 62. As a result of the introduction of three factors, vitamin K, the newer 
methods of preventing and combating shock, and the sulfonamide compounds, there is a 
very definite and fully justified trend toward the one-stage operation, as shown m increasing 
statistics 

Table I 

rRSUMC of 64 CASES OF RADICAL PANCREATICODUODENECTOMY OPERATIONS 



Collected to Apnl i, 1942 








Postop 



Postop Fistulae 


Two-Stage 

Deaths 

One Stage 

Deaths D 

B 

P 

Caranosna of the acapuUa . , . 

15 

2 

6 



2 

6 

s 

Carcinoma of the pancreas 

21 

9 

6 



2 2 

5 

5 

Carcinoma of the duodenum 

2 

I 

7 



2 

- 

2 

Carcinoma of the common duct 

3 

0 

2 



2 

r 

2 

Sarcoma of the duodenum 

0 

0 

I 



0 

- 

- 

Chronic pancreatitis 

0 

0 

I 



0 * 

— 

I 

Totals . 

41 

12 

23 



8 2 

12 

18 

Total operated cases 



64 





Postoperative deaths 



20 






Two stage 

12 


29 2% 





One stage 

8 


34 7% 




From my own experience. 

I am convinced that 

the one-stage operation, aside from 


saving the patient two anesthesias, two operations, and very often a very unfortunate 
delay between the first and second stage, as Doctor Oughterson mentioned, avoids the risk, 
or largely decreases the risk, of the biliary fistula from ligation of the cut end of the 
common duct by the immediate anastomosis of the common duct to the loop of duodenum 
This IS a real advance in the technic and result of the operation 
Dr Herman Pearse has recently used the distal jejunal end to anastomose the gall- 
bladder proximal to gastrogastrostomy 

About a month ago I carried out a very extensive one-stage resection of the antrum 
of the stomach, all of the duodenum, and to some extent the jejunum, together with all 
the head of the pancreas, uniting the cut end of the jejunum to the cut end of the common 
duct, approximately to the site of gastrogastrostomy This patient dtd develop a 
pancreatic fistula, but that is now closing 

The problem of what to do with the stump of the pancreas is still unsolved I have 
performed a pancreaticoduodenostomy, m which the distal end of the pancreas was im- 
planted into the distal portion of the duodenum in two patients, according to the scheme 
as first carried out by Koch in 1912 One of these patients has done exceedingly well, 
but the other patient developed a duodenal fistula, and on the tenth day bad a very severe 
secondary hemorrhage which resulted in his death 
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We do not know as yet how essential the external secretion of the pancreas is in the 
metabolism of fat and its relation to fatty changes in the liver We have observed three 
patients who have gone two years or more after total exclusion of pancreatic juice from 
the tract Two of these patients were able to digest 8o to 85 per cent of manufactured 
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pancroaa 

1 IG I B 

fat intake whereas one has shown 40 per cent fat residue in the stools I think the 
reason for that is because we removed so much of the pancreas very much as in the case 
Doctor Oughterson reported I believe that Doctor Dragstedt will be able shortly to 
give a definite opinion on this controversial question 

(Slide) This IS a resume of the total number of cases reported in the literature or 
reported to me with a mortality of 12 or 29 2 per cent in two stage procedures and a 
mortalitj of 8 or 34 7 per cent in one stage procedures 
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Dr J Shelton Horsley (Richmond Va ) The physiologists, Doctor Whipple, 
and Doctor Brunschwig and others have shown, very definitely, that the external secretion 
of the pancreas through the pancreatic duct is not necessary to life However, like the 
old Jingle that poverty is no disgrace, it certainly might he claimed that it is sometimes 
inconvenient The methods of making these observations are probably not entirely fully 
settled, and it certainly is convenient to have the external secretion preserved if it can be 
accomplished Of course, in most instances the lesions are so extensive that this cannot 
be done 

(Slide) I want to again report one case that has been reported previously It is a 
case that I have mulled through because the diagnosis was not accurate preoperatively 
That patient is still dead so I cannot have in excuse for reporting my own progress He 
was a man, about 6o years of age who was in good health, but about two months before 
entering the hospital he had jaundice The jaundice increased He had two very severe 
attacks of pain and apparently gallbladder involvement When he entered the hospital 
his icteric index was upward to 150 After preliminary treatment I operated upon him 
expecting to find probably a stone in the end of the common duct though his icteric 
index was quite high I found instead the gallbladder thickened and adherent It was 
opened and a whitish material was evacuated but in the head of the pancreas was a small 
infiltrating mass which involved the wall of the duodenum The duodenum was somewhat 
contracted so I thought it was probably an early cancer ind I excised it This is the speci- 
men after its removal, showing the duodenum the common duct, and the pancreatic duct 
(Slide) This is the inside of it (Slide) The adenoma was not cancer It was fibro- 
adenoma with considerable infiltration but definitely not cancer 

(Slide) This is the technic that I employed in that case I had already opened 
the gallbladder and I had no particular difficulty in excising the duodenum together with 
a small portion of the infiltrated head of the pancreas This proved later to be inflam- 
matory and not very extensive, so I brought up this distal end of the duodenum and 
attached it to the greatly dilated end of the common duct with silk sutures Then I did 
the same anteriorly and put in another row of sutures at the pancreatic duct put in 
another row of silk sutures and over that sutures of fine catgut, which brought up the 
duodenum pulled it over the raw surface of the head of the pancreas, and attached it all 
around to a margin of the pancreatic stomach In addition, we brought up the fatty 
tissue omentum and sutured that 

The patient made a very satisfactory operative recovery He left the table with a 
pulse of only 88 and in 36 hours he was still doing well Then he developed symptoms 
of uremia passed no urine and died on the fifth day 

At necropsy I found the abdomen was in very good condition The kidney showed 
evidence of nephritis It was hypostatic pneumonia While the patient died, it looks as 
though there might be a very limited field for that type of operation in which not much 
of the pancreas has to be excised 

May I say in connection with these types of operations, the one that Doctor Orr 
showed and the one of Doctor Brunschwig s in which a loop of duonenum is brought 
up and attached to the gallbladder that lateral anastomosis between these loops can be 
made very easily with a little rubber band that I mentioned yesterday This band can be 
inserted quickly It does not open the lumen of the bowel, and it has in no way any 
originality in the way of elastic ligature which McGraw established years ago It is 
merely another application of a principle that he established Resenia for instance, estab- 
lished the principle of using silk and the procedure of Doctor Wangensteen, of course is 
based on the principle established by Doctor Maddock 

Dr Lester R DragstEDT (Chicago, III ) In 1939 I presented a report before 
this Association on the significance of lipocaic in surgery indicating that a field of useful- 
ness for this substance might appear with the further development of pancreatoduodenec- 
tomy in the treatment of cancer of the ampulla and head of the pancreas At that time 
there was still some dissent to our conclusion that lipocaic is an internal secretion of the 
pancreas distinct from insulin which is necessary for normal nutrition and life At 
present I believe all are agreed that the beneficial effect of the oral administration of whole 
pancreas or of fat-free alcohol extracts of pancreas in preserving the life of insulin-treated 
depancrcatized dogs and in preventing the usual fatty infiltration of the liver in such 

1088 



Volume 115 
J.umlier 6 


CARCINOMA OF PANCREAS 


aninials cannot be accounted for on the basis of lecithin, choline, betaine, or the general 
hpotrophic action of protein In a report at the recent meeting of the American Physio- 
logical Society we have also presented evidence indicating that inositol is not the active 
principle of Iipocaic There seems no reason to doubt that hpocaic is a specific substance, 
probably protein in nature, manufactured by and present in the pancreas, which is neces- 
sary for hfc and for the normal transport and utilization of fat 

While adequate data arc not yet available, it seems likely that following complete 
pancreatectomy in man both insulin and hpocaic will be required The situation resulting 
from excision of the head of the pancreas and adjacent duodenum is more obscure In this 
case pancreatic juice fails to reach the duodenum and more or less extensive degeneration 
of the pancreas results from the occlusion of the ducts The absence of pancreatic juice 
may be expected to produce some impairment m the digestion and absorption of fat 
Doctor Vcrmcnlcn. in our laboratory, has recently found that the depancreatized dog 
absorbs only 70 per cent of the food fat, whereas in the normal animal absorption is 
practical!) complete This defect in digestion and absorption of fat is not corrected by 
Iipocaic and is little influenced by the administration of pancreatm or pancreatic juice 
It should be emphasized that there is at present no evidence that hpocaic affects the digestion 
or absorption of fat under any conditions The development of fatty infiltration of the 
liver and the other sequelae of hpocaic deficiency following occlusion of the pancreatic 
ducts m the dog depends apparently on the extent of pancreatic degeneration that follows 
this procedure Of 19 animals m out laboratory, in which this operation was done, 
only four developed fatty hvers Doctor Brunschwig excised the head of the pancreas 
and ligated the ducts m two monkeys Neither of these developed a fatty liver I 
recently excised the head of the pancreas and adjacent duodenum in a man for carcinoma 
of the ampulla and common bile duct This man survived for four months, and at 
death the liver contained no excess fat although the pancreatic ducts were found to be 
obstructed, markedly dilated, and the pancreas degenerated However, until a good deal 
more data on man become available it would seem wise to watch these patients carefully 
for evidence of developing hpocaic deficiency This may be manifested by progressive 
loss of weight and strength, hepatomegaha and impaired liver function as revealed by 
the bromsulfalcin excretion and hippunc acid synthesis tests Profound alterations in the 
concentration of blood lipids may be found In dogs with Iipocaic deficiency, the blood 
lipids are usually reduced to approximately one-half the normal values In man, however, 
we have seen a number of cases of hypercholesterolemia, hyperlipemia, hepatomegaha, and 
xanthomatosis, where the administration of hpocaic has brought about a dramatic chemical 
improvement and return of the abnormal blood chemistry toward normal levels Lipocaic 
deficiency in man may, therefore, m some instances be indicated by increase rather than 
decrease in the hpid constituent of the blood 

Dr Verne C Hunt (Los Angeles, Cahf ) Since reporting before this Associa- 
tion, a year ago, four cases of ampullary carcinoma that we had operated upon successfully, 
I have had occasion to operate upon another similar case, in which I performed a modifica- 
tion of the so-called Whipple radical operation, which makes a total of five cases of 
ampullary carcinoma that we have successfully operated upon without surgical mortality 
The first two of these, as some of you will recall, were by transduodenal excision, 
and the last three by resection of the duodenum and the head of the pancreas These 
were done as one-stage, if one is willing to accept as one-stage operation the procedure of 
the resection of the duodenum, duodenectomy, and resection of the head of the pancreas 
All of these five cases occurred in our private surgical practice I speak of that for 
two reasons First of all, it is indicative to me that this lesion is not as uncommon as 
we arc led to believe, when there are that number of cases in a small private surgical 
practice I speak of this also because of the fact that these five patients were subjected 
to an early surgical viewpoint, in contradistinction to what I believe is true in many 
Services, particularly in Medical Services, where many of these patients come in and are 
placed on the medical wards, where they are subjected to prolonged and repeated differen- 
tial diagnostic seances, so to speak The point I want to make is that there is just one 
way to make diagnosis of this lesion, and that is on surgical exploration 

I have about taken the position that no patient with obstructive jaundice should 
be allowed to die without surgical aid I mean that both ways There are some patients 
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who rmy die following surgicil cxplontion However I would much rather have them 
die following a surgical exploration for an inoperable lesion than die a medical death with 
no opportunity for surgical exploration There are few internists and medical men who 
are aware of the fact that surgery has possibilities in this area 

(Slide) This patient was operated upon last October in whom we performed a 
one-stage resection total duodenectomy and resection of the head of the pancreas 

(Slide) We performed the operation of resection of the head of the pancreas at the 
open end of the duodenum This shows a slide of the pancreas removed and I think you 
see the well demarcated scar 

(Slide) You will be interested in the results of these patients This is Case 4 
that I reported 1 year ago I bring it back to you again to refresh your memory and 
show you there is retroperitoneal lymph node involvement This patient is living and 
clinically well 1 3 months following operation I might say that of the five patients 
we have operated upon four of them arc living The first one with transduodenal 
resection that I reported a year ago is living nearly three years with retroperitoneal 
metastasis no longer present At least the patient is subjectively well and we have no 
grounds to-day to believe that the patient has metastasis We have another one living fol- 
lowing the radical operation of two years and one month and this one one year and one 
month and the last case seven months 

(Slide) I wish to show this slide for two reasons Whatever the facts may be re- 
garding the value of preserving pancreatic secretion (external pancreatic secretion) I was 
very much interested in what Doctor Dragstedt had to say As you all probably know 
who arc interested in this field of surgery the observations and conclusions of Doctor 
Dragstedt and of Doctor Montgomery in San Francisco arc quite at variance regarding 
the effect of the external secretion of the pancreas on lipid metabolism Whatever subse- 
quent events may prove to be the fact I believe it is still paramount whenever it is 
possible to preserve pancreatic secretion and I think in many instances it can be done 

Dr Herman E PEARSE Jr (Rochester N Y ) Doctor Whipple has men- 
tioned that I suggested the use of the end of the jejunum to anastomose to the biliary 

tract I did this because I excised all the duodenum 

I wish to say one word about this As the scope of the operation is enlarged to 

remove all of the head and the uncinate process of the pancreas one mav interfere with 
the circulation of the distal duodenum Recently I lost a case because I did not include 
the duodenum when I made such an excision The patient died and at necropsy the 
stump of the duodenum that I had allowed to remain had become necrotic and peritonitis 
developed from the breakdown of the suture 

Dr Ashley W OUGHTERSON (closing) There was so much interest expressed 
in this subject and the subject was so well covered that 1 have little more to add 

In the first place I would like to say that there are many studies which I did not 
• have time to go into in relation to liver function fats etc . but several of our patients 
did have a very markedly diminished liver function which seemed at least to warrant a 
two-stage procedure in order to give additional safety And I must say Doctor Harvey 
IS rather on the other side 

In regard to the indispensability of the external secretion perhaps nine months of 
the year is a short time to regard that as being finally solved but certainly for that period 
some of these patients at least get along on a normal diet without any difficulty 

In regard to typical fatty stools and the use of pancreatin and lipocaic on the one 
patient it had no influence 

It IS also worthy of note that this is the only patient who had a severe avitaminosis 
preceding the operation and the same avitaminosis afterward which so far they have been 
unable to correct 
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POSTOPERATIVE NITROGEN LOSS AND STUDIES ON PAREN- 
TERAL NITROGEN NUTRITION BY MEANS OP 
CASEIN DIGEST^ 

Alewndlr Brunschwig, MD, Dwight E Clark, MD, and 

NANr\ Corbin, M S 

( UK \GO, Ilk 

moM Till I1H\U1VUM (II StIKIHT, IIM\ I HSIT\ OI ClIICU O, CHirtGO, JLl 

^ The nitrogen .mliarolism of the huigical patient hab been the buliject 
of special consideiation in lecent yeart> The possibility of paieiiteial aclinin- 
istiation of nitiogenous foodstuft fuithei extends the piactical aspects of 
this pioblem 

A majoi singical pioceduie with opeiative manipulation of deeply situ- 
ated visceia and tissues followed by a biief penod of staivation and then 
giadual letuin, ovei se^elal days, to ingestion of noimal diet constitutes 
togethei with the complications often developing, such as shock, fe\ei, 
\omiting, the piesence of mjuied tissues, cfc , an alteied physiologic state 
Because intake of mtiogen obviously does not ecpial output dining this 
peiiod a state of negative mtiogen balance exists foi vaiying peiiods Opeia- 
tive tiauma itself ma) be the cause of inci eased mtiogen catabolism (so-called 
toxic (’) dcstiuction of piotein ) 

In oidei to obtain some conciete conception of the extent ot this loss, m 
41 patients subjected to majoi opeiations of vaiious types, nitrogen balance 
studies weie earned out fiom the dai of opeiation to and including the tenth 
postopei ative day 

Uime, feces, excess sputum, biliaiy 01 othei diainage, vomitus and gastiic 
aspiiations w^eie collected each 24-houi period and analyzed foi nitrogen 
(Micio-Kjeldahi), and this w^as compaied wnth the mtiogen intake each day 
The lattei was obtained fiom standaid dietitians’ chaits and this poition of 
the data lepieseiits, theiefoie, an appioxiination, since it w^as not piactical to 
analyze each sample of food leceived fiom day to day for the exact nitrogen 
content 

The conditions pei taming to the postopei ative management m this gioup 
of patients w^eie (a) Wheie the abdomen 01 thoiax w'as not opened liquids 
w^eie permitted by mouth as soon as toleiated and shoitly theieafter a soft 
01 regulai diet w^as given, the lattei being taken by the thud to fifth post- 
opei ative day, and (b) wdieie the abdomen 01 thoiax w^as opened nothing 
w^as taken by mouth foi the fiist 48 to 72 houis, fluids being given paienteially , 
on the third 01 fourth day small quantities of w^atei weie taken at houily 
inteivals, the next day cleai liquids, and if toleiated soft to regulai diet 
ingested by the sixth 01 seventh day, except m opeiations upon the stomach, 
wdieie increase in food by mouth w'as moie giadual 

*This work was conducted undei a grant from the Mead-Johnson and Compaiw, 
Evansville, Ind 

*Readbe{oic the Amencan Suigical Association, Cleveland, Ohio Apiil 6-8, 1942 
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Blood transfusions which were given in many cases following operation 
have not been taken into account in calculating the nitrogen balance 

The results of the studies on net nitrogen loss (or gain) over the ten-day 
postoperative period are shown m Table I 

Table I 


NET I OSS OR GAIN IN NITROGEN IN TEN DAY POSTOPERATIVE PERIOD IN 41 PATIENTS 
UNDERGOING A VARIETY OF MAJOR SURGICAL PROCEDURES 


Operation 

Patient 

Net N Loss or 
Gam 10 day 

P 0 period 

Thoracic sympathectomy 

L M 

— 27 10 Gm 


McM 

— 68 47 Gm 

Esophagoplasty 

Ril 

- 75 17 Gm 

Exploratory celiotomy 

Windb 

— 6s 37 Gm 


Bornst 

— i6 86 Gm 


Valent 

— 381 Gm 

Acute append (peritonitis) 

Ad 

— 49 17 Gm 

Gastric resection 

Neh 

- 73 S3 Gm 


Maz 

-I7S 7P Gm 

Repair perforated peptic ulcer 

Ly 

— 136 06 Gm 

Cholecystectomy 

Fish 

— 24 34 Gm 


Thomp 

— 27 78 Gm 


Miller 

— 23 18 Gm 


Lew 

— 20 74 Gm 


Barger 

— 75 90 Gm 


Patton 

— 24 73 Gm 


Bohl 

— 68 6s Gm 


Glynn 

+ S 91 Gm 


Clayt 

— 36 44 Gm 


Mai 

+ I 13 Gm 


Pears 

— IJ4 09 Gm 

Radical mastectomy 

Rawl 

+ I 23 Gm 


Meed 

— IS 68 Gm 


Shaw 

— 13 51 Gm 

Operation on extremities 

Burdi 

— 9 98 Gm 


Kit 

— 6 21 Gm 


Gal 

— 30 00 Gm 

Thyroidectomy 

Anth 

-p 4 44 Gm 

Herniotomy 

Berb 

— 18 35 Gm 

Gastro enterost 

Hag 

— 47 96 Gm 

Partial colectomies 

Robert 

— 20 72 Gm 


Boyer 

— 60 22 Gm 


Zaraz 

— SI 86 Gm 


Benk 

— 49 48 Gm 


Schr 

— 69 87 Gm 


Ehl 

+ 4 97 Gm 


Steph 

— 41 44 Gm 


Thomp 

— 59 88 Gm 

Operations on pancreas 

Rapacz 

— 39 96 Gm 


Fait 

— 24 41 Gm 


Cullen 

— 61 02 Gm 
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Table I A 

SUMMARY or DATA IN TABLE I ON NITROGEN LOSS IN TEN-DAY POSTOPERATIVE PERIOD 

(A) Group I i8 patients lost up to 40 Gm of nitrogen, average = 21 31 Gm 

Group 11 7 patients lost 41 to 60 Gm of nitrogen average = Si 4 Gm 

Group III ir patients lost 61 to 175 8 Gm nitrogen, average — 89 4S Gm 

Group IV s patients gamed i 13 to S 91 Gm nitrogen, average = 3 S4 Gm 

(B) Calculated *dry weight of protein lost (Group I) = 133 19 Gm , this represents to 67 Kg wet body tissue 
Calculated ’^dry weight of protein lost (Group II) = 321 25 Gm , this represents fi 6 Kg wet body tissue 
Calculated *dry weight of protein lost (Group III) = S49 Gm , this represents t2 7 Kg wet body tissue 
* Grams of excreted nitrogen x6 25 

t Calculated on assumption that the relationship of tissue protein to water in the tissues is i s (Best and 
Taylor Physiological Basis of Medical Practice 2nd ed Baltimore Williams Wilkins, pp 915-916, 1940 ) 

There seemed to be no coi relation between age, sex, type of anesthesia, 
the presence oi absence of malignant neoplasm or other type of disease, and 
the extent of nitrogen loss The most important factoi m this connection 
appeared to be the peiiod of postopeiative starvation and period of limited 
intake of food Modeiate brief rises m temperature did not affect nitrogen 
excretion to a veiy maiked degiee Indeed, the patient m whom the post- 
operative nitrogen loss was greatest (175 79 Gm ) had had a Polya-type 
partial gastrectomy and for the ten-day period was afebrile but ate prac- 
tically no food because of inti actable vomiting, recovery eventually ensued 
Where the individual could tolerate food relatively eaily and ingested a rela- 
tively liberal diet there was a small net loss 01 even a positive nitrogen bal- 
ance at the end of the ten-day period A study of the day-to-day nitrogen 
balance revealed that the majoi portion of the net loss occurred during the 
fiist five days postopei atively when food by mouth was not permitted 01 
was very limited 

The practical impoitance of an effective method for parenteral adminis- 
tration of nitrogenous foodstuff in postoperative management where intake 
by mouth would of necessity be limited, especially foi prolonged periods and 
in debilitated persons, is obvious This would 1 educe or even pi event sig- 
nificant loss of nitrogen Such a possibility would appear to be afforded 
by the intravenous injections of casein digest which Elman m 1937, and 
reporting before this Association in 1940, demonstiated for the first time 
to be feasible m man Our own studies weie concerned with obtaining perti- 
nent data on the question of the clinical use of casein digests 

The casein digest (Amigen) employed by us in the observations recorded 
below was kindly furnished by Mead-Johnson and Company, Evansville, 
Ind , and represents an enzymic hydrolysate of casein (complete protein) 
Mueller, Kemmerer, Cox, and Barnes found that young rats on a diet, the 
nitrogenous portions of which consisted of the digest, grew and developed 
normally, and that dogs with hypoproteinemia regenerated plasma proteins 
with the digest given by mouth as the sole source of nitrogen Clark, 
Bnunschwig, and Corbin showed, for the first time, that dogs depleted of 
protein stores and exhibiting hypoproteinemia as a result of several weeks on 
a synthetic mti ogen-fi ee diet regeneiated plasma proteins when this diet was 
continued and supplemented by daily intravenous injections of the digest as 
the sole source of nitrogen These experiments aie summarized in Table II 
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(Reproduced from Proc Soc Exp Biol and Med 49 282-283 1942) 

SUMMAR-V or EKPfRIMENTS ON PI.\SMA PROTEIN RECENERATtON \\ ITH INTRAX PNOUS INJECTION OP CASI IN 


Dog 

Depletion 

period 

In free diet 
days 

Duration 
of inj 
days 

DIGEST (AMirEN) 

Avg daily 
casein digest 
intrav 
(10% sol ) 

c c 

Beginning 


End 

of inj 

period 


Eddie 

47 

12 

If>s 

Vt Kg 

6 7 

6 I 

Exp I 




Total P P * Gm % 

4 oO 

5 64 





Hematocrit 

39 

34 2 





R B C t M 

6 2 

5 8 

Eddie 

21 

17 

177 

Wt Kg 

7 0 

6 2 

Exp II 




Total P P Gm % 

4 66 

t 91 





Hematocrit 

n 

32 





R B C M 

8 

5 8 

Fuzzy 

27 

21 

248 

Wt Kg 

9 2 

8 3 

Exp I 




Total P P Gm 9c 

4 74 

S 12 





Hematocrit 

43 

35 





R B C M 

7 

5 0 

Fuzzy 

37 

IS 

210 

Wt Kg 

9 I 

9 2 

Exp II 




Total P P Gm % 

4 3 t 

4 97 





Hematocrit 

43 

35 





R B C M 

6 I 

6 0 

Pete 

77 

18 

309 

Wt Kg 

7 4 

6 6 





Total P P Gm ' i 

5 0 

5 97 





Hematocrit 

37 

25 





R B C M 

7 5 

4 7 

Mike 

21 

II 

256 

^^t Kg 

8 6 

8 I 





Total P P Gm •Jp 

3 98 

4 99 





Hematocrit 

38 2 

27 





RBC M 

7 S 

6 11 

Kate 

76 

7 

214 

Wt Kg 

8 1 

7 6 





Total PP Gm % 

5 31 

5 7 





Hematocrit 

40 

36 





RBC M 

S S 

6 I 


* Plasma protein f Red blood count 


The manner of injection of casein digest varied with the individual pa- 
tient, the total amount of fluid to be administered, and the sensitivity of the 
patient to the injections The product was leceived, steiile, in bottles con- 
taining appi oximately i,ooo cc of a lo pei cent aqueous solution of the 
digest, thus repiesentmg lOO Gm of hydrolyzed casein oi appi oximately 
12 Gin of nitiogen In these studies it was adininisteied in one of the 
following forms 

(1) Intiavenously as a lo per cent solution (hypei tonic) 

(2) Intravenously with equal paits of 5 per cent 01 10 per cent dex- 
tiose in distilled water (hypertonic) 

(3) Intravenously with two parts of distilled watei (isotonic) 

(4) By hypoclysis, one part casein digest, two parts of distilled water 
(isotonic) 

(5) Intravenously as 10 pei cent solution with equal parts of normal 
saline or Ringer’s solution 
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Fuithei data concerning the casein digest is as follows 
One bundled Gm of digest yields appi oxiinately 12 Gm nitrogen One 
giam of digest is approximate!}^ equivalent to 366 calories Studies on 
guinea-pigs, earned out by H C Hopps and J Campbell, of the Depaitment 
of Pathology, confiimed the fact that the pioduct was not anaphylactogemc 
Additional quantities of saline 01 Ringer’s solution ma}^ be administeied to 
aftoid adequate electiolyte Wheie 50 Gm of piotem were desiied as sup- 
plemental y nouiishment, 500 cc of the 10 per cent solution weie mixed with 
a liter of tuple distilled watei and injected eithei by hypoclysis or intra- 
venously 

Nitiogeii equilibrium can oidinanly not be achieved on a pure protein 
diet, thus simple injection of a quantity ot digest equivalent to the standard 
protein lequiiement of a given individual will obviously not suffice to prevent 
nitrogen loss Caloiic lequiiements must be met to a substantial degree by 
carbohydiate (and fat) uhich affoid eneigy and thus spaie, so to speak, the 
amino-acids foi piotem synthesis, otheiwise the ammo-acids themselves will 
be catabolized foi soiuces of eneigy Thus, wheie nouiishment is given 
entirely by the mtiavenous loute the casein digest must be combined with 
glucose 

Tiblp III 

NITROGEN BALANCE bTEDIES bHO\MNG TAII URL TO ACHIE\ F MIROGEN EQUILIBRIUM IN PATIENTS RI ( IIVING 
QUANTITIES OP PROTEIN (CASEIN UICLST) AND INADEQUATE GI UCOSE DURINI PERIODS OP OBSl RAATION 


Patient J O Patient bchoendtp Patient Whit t 

Gm Gm Gm 

Gm N Gm Is Gm N Dext Gm N Gm N GmN Best Gm N Gm N Gm N Dext 


Days 

E\cr 

Inj 


Bal 


Inj 

Excr 

luj 


Bal 


Inj 

E\cr 

Inj 


Bal 


Ini 

I 

8 

91 

0 

00 

- 

8 

91 


12 


S 

80 

+ 6 

20 

70 

4 

09 



4 

09 


2 

6 

0 

9 

19 

- 

3 

19 

75 

19 

15 

12 

00 

- 7 

15 

ISO 

10 

09 

6 

00 

-3 

91 

7S 

3 

26 

7 

12 

00 

- 

6 

70 

no 

22 

00 

12 

00 

— 10 

00 

ISO 

12 

18 

6 

00 

-6 

18 

7S 

4 

25 

30 

12 

00 


13 

30 

ISO 

21 

33 

12 

40 

- 9 

33 

150 

14 

74 

6 

00 

-8 

74 

75 

S 

26 

70 

12 

00 

- 

14 

70 

ISO 

14 

41 

12 

00 

— 2 

41 

75 

14 

37 

6 

00 

-8 

37 

75 

6 

22 

60 

12 

00 

~ 10 

00 

ISO 

18 

60 

12 

00 

- 6 

60 

150 

10 

39 

6 

00 

-3 

60 

7S 

7 

20 

09 

0 



20 

09 

150 

17 

SI 

12 

00 

- 5 

51 

ISO 

12 

IS 

6 

00 

-6 

IS 

75 

8 

20 

95 

18 

00 

- 

2 

95 

75 

17 6s 

12 

00 

- S 

6S 

ISO 

12 

S5 

6 

00 

-6 

55 

7S 

9 

23 

30 

18 

00 

- 

5 

30 

75 

20 

75 

12 

00 

- 8 

75 

ISO 

9 

00 

6 

00 

-3 

00 

75 

10 

20 

10 

18 

00 

- 

2 

10 

75 

18 

59 

12 

00 

- 6 

59 

ISO 

IS 

02 

12 

00 

-3 

02 

75 

II 

21 

60 

18 

00 

- 

3 

60 

75 

II 

80 

12 

00 

+ 

20 

150 

13 

33 

12 

00 

— I 

33 

75 

12 

20 

03 

18 

00 

- 

2 

03 

75 

16 

SO 

12 

00 

- 4 

SO 

ISO 

16 

9S 

12 

00 

-4 

95 

75 

13 

23 

30 

18 

00 

- 

5 

30 

75 

7 

75 

12 

00 

+ 4 

23 

ISO 

14 

12 

12 

00 

— 2 

12 

75 

14 

24 

60 

18 

00 

- 

6 

60 

75 

lO 

00 

T2 

00 

- 4 

00 

ISO 

IS 

14 

12 

00 

-3 

14 

75 

IS 

22 

9 

iS 

00 

- 

4 

90 

75 

14 

04 

12 

00 

— 2 

04 

ISO 

13 

91 

12 

00 

— I 

91 

75 

16 

27 

30 

18 

00 

- 

9 

30 

75 

19 

77 

12 

00 

- 7 

77 

150 

16 

17 

12 

00 

-4 

17 

75 

17 

17 

31 

12 

00 

- 

5 

11 

75 

18 

S3 

12 

00 

- 6 

S3 

ISO 

12 

74 

12 

00 

- 

74 

75 

18 

13 

94 

12 

00 

- 

1 

94 

75 

17 

63 

12 

00 

- 5 65 

ISO 

10 98 

12 

00 

+ 1 

02 

75 

19 

15 

92 

12 

00 

- 

3 

92 

SO 

22 

3 

18 

00 

- 4 

30 

100 

7 

61 

12 

00 

+4 39 

75 

20 

17 

18 

9 

00 

- 

8 

18 

75 

18 

49 

18 

00 

— 

49 

100 

12 

30 

12 

00 

- 

30 

150 

21 

14 

39 

18 

00 

+ 

3 

61 

75 

32 

SO 

8 

00 

-14 

SO 

100 

13 

II 

12 

00 

— I 

11 

75 

22 

21 

30 

18 

00 

- 

2 

70 

75 

II 

64 

8 

00 

- 3 64 

100 

13 

23 

12 

00 

— I 

23 

ISO 

23 

13 

45 

9 

00 

- 

4 

45 

ISO 

22 

80 

8 

00 

-14 

80 

100 

9 

72 

12 

00 

4-2 

28 

ISO 

24 









Total N loss 

= 119 s6 Gm 

17 

92 

12 

00 

5 

92 

63 

25 

16 

75 

18 

00 

+ 

I 

25 

75 








14 

12 

12 

00 

— 2 

12 

63 

26 

14 

74 

18 

00 

+ 

3 

26 

75 








Total N loss 

= 70 88 Gm 

27 

20 

70 

18 

00 

- 

2 

70 

75 
















Total N loss = 140 os Gm 


’*'10 M age 23 (274746), regional ileitis partial enterectomy xxt 66 Kg 
fSchoendt M age 36 (87546) regional ileitis partial enterectomy rit 8r Kg 
t VTiit M age 57 (277337) Ca stomach total gastrectomy iit 61 5 Kg 
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The details of the nitrogen balance in three patients receiving nothing by 
mouth and glucose and amino-acids m the form of casein digests over rather 
prolonged periods are summarized in Table III and the failure to obtain 
nitrogen equilibrium is well demonstrated since, while the caloric requirements 
were nearly satisfied, there was obviously insufficient quantity of carbohydrate 
to spare ammo-acids On the other hand, in patients J O and Whit some of 
the daily losses of nitrogen were small enough to warrant the assumption that 
nitrogen loss was to some extent spared by the quantity of glucose injected 
It would appear that there are individual variations m metabolism and 
that m the exceptional instance postoperative nitrogen loss may be con- 
sistently and appreciably reduced and nitrogen equilibrium achieved with 
parenteral carbohydrate and casein digest, even where the proportions of 

Table IV 

NITROGEN BALANCE STUDY OF PATIFNT RECEIVING NOTHING MOUTH AND CASEIN 
DIGEST AND GLUCOSE INTRAVENOUSLY SHOWING SPARING EFFECT OF DIGEST ON 

NITROGEN LOSS 


Mrs Rasg 

(274120) F 

age 36 Ca stomach 

resection wt so Kg 


Days 

Gm N 

GmN 

Gm N 

Gm Dext 


Inject 

Excret 

Bal 

Inject 

I 

0 

2 46 

2 46 

so 

2 

0 

2 71 

— 2 71 

I2S 

3 

0 

9 28 

— 9 28 

25 

4 

0 

19 43 

-19 43 

100 

S 

6 00 

— 9 10 

— 3 10 

75 

6 

12 00 

-17 13 

- 5 13 

75 

7 

12 00 

-14 64 

— 2 64 

100 

8 

12 00 

-12 75 

75 

75 

9 

6 00 

-13 27 

_ 7 27 

75 

10 

12 00 

-II 99 

+ 01 

SO 

II 

12 00 

-12 79 

- 79 

75 

12 

Is 60 

—12 81 

+ 2 79 

75 

13 

18 00 

—18 84 

- 84 

75 

14 

18 00 

-l8 66 

- 66 

75 

IS 

18 00 

—18 27 

- 27 

75 

16 

18 00 

—22 72 

— 4 72 

75 

17 

18 00 

19 37 

- I 37 

75 


Total loss N during 12 day penod of injection of casein digest = 24 80 Gm 


these two foodstuffs are not ideal The nitrogen balance studies in such a 
case are summarized in Table IV During the 13 days in which the casein 
digest together with glucose was administered, nitrogen equihbiium was 
almost achieved in five days, was achieved on one day and on one day a 
positive nitrogen balance obtained The total loss of nitrogen during the 
12-day period in which casein digest and carbohydrate were injected was 
2480 Gm , which is no greater than in a number of patients subjected to 
the routine postoperative management in regard to permission for ingestion 
of food as soon as possible 

Where there has been depletion of nitrogen stores because of prolonged 
vomiting and consequent reduced intake, casein digests and carbohydrate in 
proper amounts and relative proportions might facilitate 1 eplenishment of 
the stores where this would take a longer penod by ingestion of food alone, 
especially where the appetite is poor 
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Table V 

SHOWING POSITIVE N BALANCE IN PATIENT (WITH TERMINAL STAGE OF CARCINOMA) AFFORDED B\ INTRAVENOUS 
INJECTION OF CASEIN DIGEST SUPPLEMENTING LOW PROTEIN DIET 

Pt Lak , M age so (270426), ivt 603 Kg, mop, Ca pancreas, prev choleoystogastrostoray 


Observation 

Intrav N 

N by Mouth 

N Ewr 

N Bal 

Dext (per os) 

Fat (per os) 

Days 

Gm 

Gra 

Gm 

Gm 

Gm 

Gm 

I 


6 60 

7 29 

- 6 9 

252 

87 

2 


6 30 

8 6s 

- 2 35 

316 

94 

3 


2 70 

3 So 

— I 10 

178 

74 

4 

IS 

0 

10 62 

+ 7 38 

0 

0 

S 

18 00 

75 

7 86 

+ 10 89 

100 

18 

6 

18 00 

75 

14 37 

+ 4 38 

112 

26 

7 

14 00 

90 

7 86 

+ 7 04 

100 

32 

8 

12 00 

I 95 

13 52 

+ 43 

I3S 

42 

9 

12 00 

I 65 

5 32 

+ 8 33 

I16 

SO 

10 

12 00 

I SO 

7 S6 

+ 5 94 

140 

43 

II 

12 00 

3 00 

12 86 

+ 2 14 

160 

78 

12 

12 00 

I 20 

13 65 

- 45 

lOS 

35 

13 

12 00 

I 75 

9 74 

+ 3 01 

142 

46 

14 

12 00 

2 10 

10 76 

+ 3 24 

162 

S3 

IS 

12 00 

I 95 

4 8S 

+ 9 10 

130 

53 

16 

12 00 

I 95 

12 77 

+ r rS 

139 

S3 

17 

12 00 

I 20 

14 68 

— I 48 

122 

34 

IS 

12 00 

I 20 

IS 48 

— 2 28 

157 

30 

19 

6 00 

I 00 

5 35 

+ X 65 

112 

16 


Net positive N balance m r6 day period 127 94 Gen (Calculated equivalent to 4 Kg of protein with 
water in the body ) 


An example of this is afforded by the nitrogen balance studies of the 
patient summarized in Table V He presented advanced carcinoma of the 
head of the pancreas, had had a cholecystogastrostomy some weeks previously 
and was brought back to the hospital because of increasing weakness and 
a recent severe gastro-intestinal hemorrhage As shown in the table, the 
nitrogen balance was negative during a three-day period when choice of food 
was left to the patient Beginning wuth the fourth day, a low protein diet was 
prescribed and casein digest injected intravenously each day The plasma 
proteins were low (5 5 Gm per cent) indicating a depletion of protein stores 
On the combination of intravenous digest and diet by mouth, the patient was 
put into positive N balance and at the end of the sixteenth day of the injec- 
tion period, presented a net gam in nitrogen of 127 94 Gm which is equivalent 
to 800 Gm of protein dry weight and 4,000 Gm of protein wnth water as 
body weight (or 8 8 lb ) Clinically, the patient did not make progress, 
continued to complain of loss of appetite and on the day followang the last 
lecorded studies died suddenly of massive hemorrhage into the bowel 
Necropsy revealed abdominal cai cinomatosis, and the source of the hemor- 
rhage was neoplasm fungating into the duodenum from the head of the 
pancreas How^ever, these studies illustrate the possibility of forced nitrogen 
nutrition by the intravenous route and the avidity for nitrogen of an organism 
depleted of nitrogen, although there obtained a fatal disease process which was 
in the terminal stages 

In another series of observations, patients not suffering from a fatal con- 
dition and who were subjected to a majoi surgical procedure received casein 
digests postoperatively beginning with the day of operation and later in 
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supplement to the usual postoperative dietaiy regimen The puipose of these 
studies was to obtain data on the extent of spaimg excess piotein catabolism 
The nitrogen balance studies aie summarized in Table VI, and show that in 

Tadli; VI 

SUMMARY or POSTOPERATIVE NITROGEN BALANCE STUDIES IN THREE PATIENTS SUBJECTED TO MAJOR SURGICAL 
PROCEDURES AND RECEIVING CASEIN DIGESTS AND GLUCOSE INTRAVENOUSLY FROM THE DAI OF OPERATION AND 
IN SUPPLEMENT TO USUAL POSTOPERATIV E DIETARV MANAGEMENT 

Patient I Mrs T cholecystectomy wt 62 p Kg 


Days 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

N Intrav Gm 

6 00 

18 00 

18 00 

18 00 

0 

9 6 

0 

0 

0 

0 

N Mouth Gm 

0 

0 

0 

0 

I 40 

4 64 

5 10 

2 I 

3 0 

4 60 

N Excret Gm 

-4 54 

16 29 

21 5 

17 8s 

8 12 

9 94 

4 52 

3 04 

7 55 

4 34 

N Bal Gm 

+ I 46 

+ i 71 

-3 50 

+ 15 

-6 72 

+3 30 

+ S8 

- 94 

-4 55 

+ 36 

Dext Gm 

75 

75 

90 

105 

80 

81 

79 

63 

115 

107 

Fat (per os) Gm 





10 

47 

48 

21 

40 

43 







Net N loss 10 day period = 

—8 5 Gm 

Patient II Mr L 

cholecystectomy 

0 

cc 







N Intrav Gm 

18 

18 

18 

18 

18 

18 

18 

18 

18 

0 

N Mouth Gm 






0 45 

6 70 

6 70 

9 6 

12 6 

N Excret Gm 

13 71 

23 3 

28 4 

23 17 

20 79 

17 69 

17 60 

14 3 

10 os 

8 I 

N Bal Gm 

+ 4 29 

-4 70 

-10 4 

-5 17 

— 2 79 

+ 76 

+ 7 10 

+ 10 40 

+ 17 10 

+4 SO 

Dext Gm 





160 

24 

160 

213 

260 

337 

Fat (per os) Gm 






98 

107 

82 

140 

1 52 






Net N gain lO day jieriod = 

= 20 39 Gm 

Patient III Mrs S 

cholecystectomy wt 76 6 Kg 







N Intrav Gm 

6 00 

6 00 

12 00 

6 00 

6 00 

6 00 

6 00 

6 00 

6 00 

6 00 

N Mouth Gm 

0 

0 

0 

0 

0 

4 00 

6 40 

8 00 

II 10 

13 25 

N Excret Gm 

3 32 

7 54 

16 57 

13 26 

12 00 

7 16 

8 S 9 

II 36 

10 98 

12 00 

N Bal Gm 

+ 2 08 

-I 54 

-4 S 7 

—7 26 

—6 00 

+ 2 84 

+3 81 

+3 64 

+4 12 

+ 7 25 

Dext Gm 

150 

150 

300 

161 

175 

120 

161 

20s 

190 

249 

Fat (per os) Gm 




4 

0 

33 

78 

75 

lOI 

108 


Net N gam 10 day penod = 4 P 7 Gm 


one case the net loss of niti ogen was only 8 5 Gm , in one there was a net gain 
of 20 39 Gm and m the third a net gam of 4 97 Gm These were not selected 
cases and indeed did not present entirely smooth immediate postoperative 
courses Patient I also suffered from seveie menopausal symptoms and 
complained of severe nausea with frequent vomiting during the first four days 
(not due to ileus 01 postopeiative dilatation of the stomach) Patient II was 
a chronic alcoholic and developed tempei atiires of 102° F on the second and 
thud days Patient III was very apprenhensive following the opeiation and 
lesented all parenteial fluids The casein digest was given to this patient by 
hypoclysis on all but the thud day 

The vast majority of patients subjected to major surgical procedures 
lecover without special attention to nitiogen balance, since the brief period 
of total and lelative nitrogen starvation is well tolerated by the organism and 
the loss is made good after letuin to full diet Howevei, following inajoi 
surgical opeiations there is fiequently a lathei piolonged asthenia which is 
often appieciable for a few weeks after discharge from the hospital Leridie 
has lefened to this syndiome, which cannot be clearly defined as “inaladie 
postopei atone,” and ascribed it to generalized disturbances of the sympathetic 
neivous s}stem It is inteiesting to speculate on the possible role of post- 
operative nitrogen loss m this connection While the quantity of tissue pio 
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tein may not be laigc, tiie souice of the catabolued jnotein iindei these 
conditions is not kno^Yn and miglit conceivabl) dibei iiom the stoies de- 
pleted, when 111 the couise of usual activities the subject may simply lefrain 
fiom piotein foods and continue his actnities Patient II in Table VI in 
whom theie was a net gam of 2039 Gm commented upon the fact that he 
felt quite ci ell at this time and did not expei lence the u eakness which he had 
expected to occui foi some days following the opeiation His weight a day 
befoie opeiation was 805 Kg and on dischaige on the sixteenth day was 
So Kg , a net loss of 0 5 Kg 01 11 pounds It wmuld lie difficult indeed to 
evaluate the benefits in any laige senes of patients deiived fiom substantial 
spai mg 01 actual pievention of jiostopeiative mtiogen loss, but it is undei- 
standable theoietically that m such a gioup the jieiiod ot impaned physical 
actnely due to postopeiativc asthenia might be shoiteiied 

Minimal caloiic lequnements nicliidmg sufficient piotein (as ammo-acids) 
may be met bj’’ mtiavenous mitntion and 111 this w^ay facilitate opeiative 
proceduies and contiibute to lecovery The mtiogen balance studies showm 
in Table VII aie ot a white female patient, age 36, m whom a large fungatmg 


Tabic VI I 

svMAURc or NfTROrev nw wee srcoirs in patient with obstruction in sk moid due to inti ammitora 

MASS IN PELVIS 

Mrs R F ace 16 {276‘:^6) 50 Ks Left tubo ovariambscess vith adhesions to siRmoid colon producing 

obstruction 



\ Inj 

N b> Mouth 

\ Exc 

i\ Bil 

Carbohydrate 

Fat 

Da>s 

Gm 

Gm 

Gm 

Gm 

Gm 

Gm 

I 

18 00 

0 

4 98 

+ 13 02 

300 


2 

i8 00 

0 

10 32 

"h 7 b8 

300 


3 

18 00 

0 

10 60 

4 - 7 40 

300 


4 

18 00 

0 

12 39 

+ 5 61 

300 


S 

18 00 

0 

IS 16 

■f 2 84 

300 


6 

i8 00 

0 

14 10 

+ 3 90 

300 


7 

18 00 

0 

17 45 

+ 55 

300 


S 

IS 00 

0 

IS S8 

4 - 2 42 

300 


9 

18 00 

0 

13 80 

4- 4 20 

300 


10 

18 00 

0 

14 78 

4 - 3 22 

300 


II 

6 00 

0 

8 39 

- 2 59 

300 


12 

6 00 

0 

7 03 

- I 03 

ISO 


13 

6 00 

0 

5 09 

4 - 91 

0 


14 

0 

0 

0 

12 68 

- 68 

ISO 


IS 

12 00 

0 

16 92 

- 4 92 

150 


16 

18 00 

0 

13 00 

4 - S 00 

300 


37 

8 4 

0 

14 12 

- s 72 

ISO 


18 

0 

I 00 

8 04 

-70 

S 3 

IS 

19 

0 

r 98 

4 41 

- 2 43 

99 

30 

20 

6 00 

7 00 

9 IS 

- I 17 

126 

18 

21 

6 00 

7 2 

7 S 7 

4 - S 43 

184 

98 

22 

6 00 

6 04 

7 29 

4 - 4 75 

2 II 

93 

23 

6 00 

6 10 

S 44 

4- 6 66 

158 

83 

24 

6 00 


8 96 





mass w^as excised fiom the ceivix on the gynecologic seivice Because of 
the histologic diagnosis of leiomyosarcoma external ladiation w^as gnen A 
left adnexal mass was also palpated and legarded as an extension of the tumor 
with inflammation Fiequent nausea and vomiting occurred at home for a 
numbei of days after discharge from the hospital She w^as readmitted and 
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the symptoms continued for some ten days, the patient retaining almost 
nothing by mouth but receiving fluids paienterally When one of us (A B ) 
was requested to see the patient because of the question of low colon obstruc- 
tion, there was moderate distention of the abdomen and rectal examination 
revealed what appeared to be constricting bogginess about the rectal colon 
Barium enema revealed a high degree of obstiuction over several centimeters 
of a redundant segment of the lower sigmoid in the pelvis The stomach was 
aspirated and a small quantity of liquid recovered Nothing was then per- 
mitted by mouth Intravenous nutrition was earned out daily by means of 
the following solutions 


>mned in the flask 


(A) 1 500 cc 10 per cent casein digest\ 

I 500 cc 10 per cent dettrose 

(B) I 500 cc 10 per cent dextrose in normal saline 


After solution A was injected, solution B was poured into the flask The 
total period of injection lasted five to six houis, the total daily fluid intake 
was 4,500 cc The patient soon learned at what rate nausea and other dis- 
agreeable sensations could be avoided and the clamp on the tube from the 
flask was placed within hei reach so that she regulated the speed of intake 
herself 

The caloric content of the above solution is 


ISO Gm casein digest x 3 66 = 549 calories 

300 Gm dextrose x 4 00 = i 200 calories 


I 749 calories 

NaCl content = 13 s Gm 

Since the patient weighed appioximately 50 Kg, the caloric content 
equaled 35 calories per Kg , and the protein content equaled 3 Gm per Kg 
The salt content is slightly in excess of the quantity (10 to 12 Gm ) usually 
ingested by adults on a general diet Thus basal dietary requirements in 
energy and protein seem to have been satisfied, although of course vitamins 
and complete variety of minerals were not provided since it was not antici- 
pated that complete parenteral nutrition was to be maintained for an unusually 
prolonged period This factor, however, may easily be adjusted The nitrogen 
balance studies show a positive balance over the ten-day period when 18 Gm 
of nitrogen were injected (1,500 cc 10 per cent casein digest) each day, on 
the eleventh and twelfth days of observation the latter injections were reduced 
to 500 cc per day Clinically, the patient improved markedly on parenteral 
nutrition Nausea and vomiting soon ceased, distention disappeared, and gas 
was passed per rectum A second barium enema taken on the eleventh day 
of the injection period showed disappearance of the obstruction in the lower 
sigmoid except for one point of partial constriction An exploratory 
celiotomy was performed on the thirteenth day of the study and the left lower 
quadrant mass found to be a tubo-ovarian inflammatory process This was 
removed dissecting about 15 cm of adherent sigmoid colon from it As seen 
in Table VII, a slight positive nitrogen balance was maintained on the day 
of operation and a slight negative balance obtained on the following day Due 
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to the long peiiod of intiavenous injections, even piioi to the use of casein 
digests, the superficial veins were rendered unfit for furthei intiavenous 
therapy by the fifth day after operation Furthermore, in view of the lemoval 
of the obstruction in the lowei sigmoid, a soft diet was peimitted by mouth 
and 1,500 cc of 3 5 per cent casein digest injested subcutaneously as supple- 
mental y nouiishment on the eighth to twelfth postopeiative days A leview 
of the data shons that during the couise of this study a positive nitrogen 
balance was maintained with caloric requiiements throughout the 12 days 
pi 101 to operation, the patient receiving nothing by mouth A net gam in 
nitrogen amounting to 47 22 Gm was observed m this period Foi the 12 
daj'^s postopeiative, there was a daily variation in nitrogen balance, food was 
permitted on the sixth day and supplemented by continued parenteral nitiog- 
enous nutrition At the end of the twelfth day, the net nitiogen gam was 
063 Gm foi the postoperative peiiod, practically, nitrogen equihbiium was 
maintained For the whole 24-day period during which food was taken by 
mouth only foi the last five days, caloric requirements were foi the most part 
met and the net nitiogen gam ivas 47 85 Gm 

Uiitowaid Reactions — ^While the administration of the casein digest was 
not in our experience wnth hundreds of individual injections accompanied by 
serious reactions (with exceptions to be noted below), minor disturbances 
w^ere frequent These include mild and occasionally seveie nausea, and 
vomiting and a generalized disagreeable flushing sensation In the exceptional 
instances, these are sufficiently pronounced to warrant discontinuation of 
injections after one or several attempts On the other hand, we have observed 
nausea and a generalized feeling of discomfort to be present during the first 
few injections and to disappear subsequently as they are continued In one 
patient marked nausea developed with the first injections but after several 
days she was observed to eat simultaneously while receiving the digest in- 
travenously An important factor is the speed of injection This should be 
altered with each patient Some individuals exhibited no discomfort from 
500 cc of the 10 per cent aqueous solution administered m 30 to 45 minutes 
Where intravenous injections are not well tolerated, a 3 3 per cent solution 
m distilled water may be given safely by hypoclysis without discomfort and 
without reaction m the tissues Anothei feature frequently encountered, is 
reduction in desire for food apart from any nausea or other discomfort Pa- 
tients wnth clinical icterus are not suitable subjects for intravenous injections 
of the casein digest, since m three instances severe chill, marked rise m tem- 
perature, and profound discomfort resulted fiom the initial injection In 
another instance, a chronic alcoholic wnth marked liver damage, as shown by 
the hippuric acid liver function test, a similar reaction accompanied the initial 
intravenous injection but hypoclyses of the 3 3 per cent solution ivere well 
tolerated foi several days On the other hand, patients who had been icteric 
and the latter condition cleared, did tolerate intravenous administration of 
the digest It would appear that m certain types of acute hepatitis a sudden 
flooding of the circulation with ammo-acids is too great a physiologic load for 
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the livei to toleiate Postmoitem studies ot nine patients who received sub- 
stantial quantities of casein digest duiing then teiminal disease failed to 
leveal evidence of toxic efifects asuibahle to the digests 

SUMMARV 

(1) Nitiogen balance studies in 41 patients subjected to a variety of 
majoi suigical pioceduies levealed a net loss of nitiogen foi the first ten-day 
peiiod which vaiied widely fiom 3 81 Gni to 175 79 Gm in 36 patients The 
loss was sustained foi the most pait duiing the fiist five days In five in- 
stances, theie was a slight net gain of nitiogen duiing the postopei ative peiiod 
due to eaily 1 etui 11 to full diet 

(2) The most impoitant factoi in the nitiogen loss is the lestncted in- 
gestion of food combined with the geneial physiologic disturbances accom- 
panying a majoi suigical ptocedute 

(3) Using the nitrogen balance as ciiteiion, casein digest administered 
mtiavenously m pioper propoition with glucose is effective 111 reducing or 
even pi eventing postoperative net loss of nitiogen and thus spaies the or- 
ganism fiom the effects of excessive piotein catabolism 

(4) Casein digest and glucose mti avenousl} may be employed as the sole 
souice of nutiition, affoiding at least minimal caloiic lequnements under 
ceitam conditions, and include an adequate supply of amino-acids to maintain 
nitrogen ecjuilibiiuni, 01 even affoid a positive nitiogen balance in patients 
with depleted piotein stoies 

(5) Whether 01 not a surgical pioceduie is peifoimed 01 contemplated, 
mtiavenous administration of casein digest is a means of forced iiitiogenous 
nutrition 
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Hopps, H C , and Campbell J Personal communitation 

Discussion — Dr Warren M Cox (Evansville Indiana) I sincerely appreciate 
this opportunity to comment upon the papers by Doctor Brunschwig and Doctor Elman 
As a biochemist I cannot make any comment on their clinical observations Our atten- 
tion has been centered on the hydrolysate its preparation and more particularly its 
biologic utilization Last week some of our studies in this regard were presented at the 
Federation meetings in Boston and ptrt of those may be of interest to this group 

We were particularly interested in the synthesis of serum albumin as effected by 
the intravenous administration of the casein hydrolysate Others have made observations 
in this regard Thus some years ago Doctor Elman made observations that regeneration 
would be effected both in animals and in a few clinical cases 

Doctor Madden in Doctor Whipple s laboratory made an observation that re 
generation could be effected in dogs made hypoproteinemic by plasmapheresis and Doctor 
Brunschwig showed his results in this regard this morning 
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\Vc were inte'ested however in knowing qinntitatively, whether the casein hydroly- 
sate administered intravenously would have the same effect as casein or the hydrolysate 
given by mouth For this purpose we followed the procedure of Weech in which dogs 
are made hypoproteinemic by low protein diet They are fed this diet for three weeks 
Following this, they are given protein at an intake level of 2 5 Gm per kilo and caloric 
intake level of 80 per kilo for a period of one week The amount of regeneration during 
this one week s period constitutes the measure of efficiency of the protein 

Thus, we fed one group of dogs the casein hydrolysate by mouth and another 
similar group the casein hydrolysate by vein The material was given in 10 per cent 
solution in sterile form and if we may have the first slide we can see the results 

(Slide) The albumin values are given in the first column on the left This column 
gives the decline of serum albumin during the standardized depletion period Here we 
have the regeneration when the material was given intravenously and here is the assay 
value as employed by Weech You have an average assay value for the casein hydrolysate 
given intravenously of o 43 By mouth — this is really a total of 21 animals — you have 
a regeneration average of 3 5 These figures are in entire agreement with the values 
previously reported for casein by mouth so that we can say that casein and casein hydrolysate 
by mouth and casein hydrolysate by vein have the same effect on serum protein regeneration 
In conclusion I think we might say that this means that casein hydrolysate by 
vein has about the same effect as beefsteak by mouth 

Dr Owen H Wangensteen (Minneapolis Mmn ) Owing partly to the work 
of Doctor Ravdin of this Association and to Dr George H Whipple of Rochester, N Y 
the attention of all of us has been focused on the great importance of meeting or attempt- 
ing to meet the protein requirements of the surgical patient It remains however for Dr 
Robert Elman of this group to indicate that it is feasible and practical to maintain satis- 
factory nitrogen equilibrium with the administration of amino-acid 

Those two Danish observers Heniiquc and Ande’^son I think just prior to the last 
war showed that in a goat that casein hydrolysate could be utilized to advantage in estab- 
lishing nitrogen equilibrium 

I think most of us with any experience at all know that you can inject practically 
without any reaction and that it would be fair to say that surgeons have been quite remiss 
in their attitude toward the feeding of surgical patients I think in a sense physiologists 
have contributed to this dereliction or delinquency of ours in that they have not only 
pointed out but have emphasized that periods of starvation may not only be well-borne 
but some have affected to believe that in such periods of starvation mental and even 
physical efficiency are improved 

Anyone who has given the matter serious concern with reference to surgical patients 
will understand there is a difference We are dealing with ill patients We are dealing 
with patients who perhaps come to us from periods of starvation and we as surgeons 
now owing to the stimulation the problem has had from Ravdin Whipple Elman and 
others affect to manifest an interest in the problem Our performance, in a sense, belies 
that manifested or professed interest for we do not begin to meet caloric requirements of 
patients or nitrogen requirements I think most of us have been content to meet water and 
electrolytic requirements only I contend that in the immediate future surgeons must have 
an eye to meeting not only water and electrolytic requirements but also those of calories, 
nitrogen mineral, and vitamin requirements 

The magnitude of the problem imposed upon the surgeon in trying to do this is 
manifest in these slides that have been shown you by the two preceding speakers 

My associates and I, as Doctor Elman said, are interested in the problem of trying 
to maintain nitrogen equilibrium with human plasma More than two years ago we 
published a paper indicating that nitrogen balance could be maintained in such a manner 
Perhaps it is necessary to point out that there is a fundamental difference in behavior 
when plasma is injected intravenously and when amino-acid is injected When one uses 
protein plasma and the nitrogen intake of the urine is reduced to a low level through 
the use of glucose ingested by mouth or given intravenously there is no augmentation of 
excretion of nitrogen in the urine All the plasma given intravenously is available for 
storage and you quickly raise the level of plasma protein 
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On the contrary, when one injects amino-acids, only so much of the amino-acids are 
available for energy requirements, unless calories are given in large quantity, that you 
have to inject larger amounts So the matter of dosage comes in I suppose it would be 
fair to say that for a man who weighs 70 kilos an optimum requirement of protein in the 
order of magnitude of something like 70 Gm is necessary to maintain nitrogen equi- 
librium 

There are many practical problems involved in this issue It is obvious, of course 
that we are dealing essentially with starved surgical patients Patients with obstruction 
to pyloric outlet present an ideal problem about which to discuss this situation 

In our own clinic, now for more than two years, we have done no two-stage 
operations in such patients We have only done one-stage operations, feeding the patient 
intravenously with glucose and amino-acid and plasma I do not believe that glucose is 
the ideal solution I hope sometime we will have an agent by which we can administer 
the required amount of calories and not thrombose the veins, as we are likely to do in 
using 20 per cent glucose and not give too much fluids and overhydrate our patient, if 
he IS very old, and lose him through the agency of pneumonia and cardiac failure 

I think the papers are very pertinent and it is a subject in which we will all have 
to manifest a greater interest 

Dr Harvey B Stone (Baltimore, Md ) I should like to ask Doctor Elman 
whether he will enlighten me in closing on one point Does the administration of these 
protein split products which may be used for regeneration, as I understand it, either of 
the tissue proteins or of the serum of the plasma proteins, exert the same osmotic pres- 
sure when administered as the administration of plasma does^ In other words, will it 
serve the same purpose in the physiochcmical maintenance of fluid balances between tissue 
spaces and circulation that can be expected from the administration of scrum plasma? 

Dr Alexander BRUNSCHWIG (closing) There is just one more point I would 
like to emphasize In our experience we have found what we think is one absolute contra- 
indication to the injection of casein digest and that is icterus or marked liver damage, as 
being discovered by appropriate liver function tests We attempted to build up, so to 
speak, three icteric patients showing carcinoma of the pancreas the icteric indices in these 
patients ranging from 40 to 120 and in each case a very severe chill and rise in tempera- 
ture, which promptly dropped in a few hours, occurred The patients felt very un- 
comfortable Their appearance was quite alarming at the time 

In another patient a chronic alcoholic, who had no icterus, but whose liver func- 
tion, by the hippunc acid test was very low there was also a very severe reaction 

Apparently the liver when it is abnormal cannot cope with a flooding of the 
circulation by amino-acids and this reaction results 

We have observed, however that a patient who will exhibit the reaction as a result 
of intravenous injection does tolerate subcutaneous injections very well without reaction 
In our experience 333 per cent solution of casein digest in distilled water can be given 
repeatedly day after day, just as one would give isotonic saline or 5 per cent glucose 

We have also observed that in patients in whom the liver function test is very low 
and who did exhibit a reaction resulting from one of the injections of casein digest, when 
the hepatitis improved to some extent they could tolerate intravenous injections One 
patient who had an icteric index of over 80 and in whom we did not want to risk an 
intravenous injection subsequently received intravenous injections after the icteric index 
had been normal for about two months, without any untoward effect 

Dr Robert Elman (closing) It has of course, been quite impossible to touch on 
anything but the bare essentials of all the implications of the new method of therapy 
In answer to Doctor Stone s question these amino-acid mixtures have osmotic pres- 
sure which IS similar to that of glucose Therefore in order to exert the same colloidal 
pressure as protein they would have to be synthesized in the serum protein But the 
matter is not as simple as that because we have observed on many occasions a very 
pronounced diuresis a passage of fluid from edematous intestines, in intestinal obstruction, 
etc following the injection of amino-acids, without very much significant increase in 
the serum protein concentration We have been tempted to believe that the amino-acids 
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SYMPOSIUM ON BURNS 


CLINICAL AND EXPERIMENTAL STUDIES WITH THE 
KOCH METHOD OF TREATMENT OF HEAT BURNS* 

Vinton E Siler, MD, and Mont R Reid, MD 
Cincinnati, Ohio 

FROM TUF DFPAKTMFVT OF SDnrERl OF THE DNU FBSm OF CINCINNATI COI HEGF OF MEDICIM AND TIIF 
CINCINNATI GENFRAI HOSPITAL CINCINNATI, OHIO 

The purpose of these studies has been an efioit to determine the effect of 
primary pressuie dressings upon the loss of plasma fiom the liurned area 
and into the surioundmg tissues 

CLINICAL STUDIES 

In oul appioach to the clinical pioblem we have, like Koch and many 
others,^ 234 legarded bums as badly contaminated senous wounds and, in 
the preparation of the patient foi the dressing, have employed the fundamental 
suigical pimciples which many of us have advocated foi the treatment of 
wounds in general However, foi a piopei evaluation of these studies it 
seems to us best to descrilie m some detail the exact proceduies we have 
followed 

Pi eopci atwc Pci lod — This is devoted to an assay and treatment of the 
patient’s geneial condition and an effort to lessen fuithei contamination of 
the wound At the site of the accident 01 m the fiist-aid stations we try to 
prevent the use of ointments, oils and vaiious “home remedies” by advocat- 
ing the use of a dry, clean sheet, piece of cloth, 01 a towel when diy sterile 
dressings aie not available The patient should be kept warm with blankets 
under and ovei him Hot drinks m small amounts may be given Moiphine 
in adequate amounts to produce sedation is given as soon as available The 
patient is taken to a hospital as soon as possible 

In the hospital all persons connected with the care of these patients should 
he properly capped and masked A lapid survey and physical examination 
IS made without distuibance of eithei the patient 01 the diessings In ex- 
treme cases we have admimsteied oxygen cluiing this peiiod 

As soon as possible a 2 cc hepaiimzed blood specimen is sent to the 
laboratoiy for hematocntj and plasma protein determinations These initial 
values are considered the base line If the bum, however, is a serious one, 

* Read before The American Surgical Association, Cleveland, Ohio, April 6-8, 1942 
■f The method emploj ed for the hematocrit determination is that advocated by Guest 
and Siler •’ As mentioned, 1-2 cc of heparinized blood is sufficient for both hematocrit and 
plasma protein determinations From this vial of blood, thin-walled capillary tubes 
m pairs are partially filled One end is staled in a microflame and the tubes thus filled 
and sealed are centrifuged in a special carriage until the cells are packed to a constant 
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that IS, 25 pei cent of body sin face oi nioie, we do not wait foi the laboiatory 
lepoit, but immediately expose a vein m some unaffected site, usually the 
ankle, and stait plasma tiansfusion Oui expeiience is that one-half normal 
plasma given by intiavenous chip is best m the eaily stage of the injury 
Only m vei) laie instances have we seen a bum of such magnitude that a 
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Fio I — Dnti unmutic s.ketch sho\\ing the technic for cv5ii!!ai> hematocrit determination 
(i) A 12 cm cainll ir\ tube (2) Same tube dnided into two 6 cm capillary tubes (t) 
Capilhi} tubes filled two thirds full with hepaiinized blood (4) Method of placing paraffin 
oil ovei blood column to pieteiU eiaporation of plasma (s) Technic for sealing open end 
of capilhis tube (6) CapiUaij tube after centrifugation ^Ie^sulements made In microscope 
equipped with graduated mechanical st ige i\) Calculation foi per cent volume of total cells 
(B) Calculation foi per cent volume of R B C 


Site for venous cannulization could not be found V\'hen this does occui one 
is ceitainly justified m giving mti asternal plasma tiansfusion, a loute some- 
times foi gotten When we feel that the condition of the patient will peimit 
it the second phase of tieatment is begun 


volume The columns of cells and plasma ate then measured by means of a microscope 
which IS equipped with a cross-hair eyepiece and a graduated mechanical stage From 
these measuiements the A'olume of "total” cells and “red blood cells” are calculated in 
peicentage of whole blood (Fig i) The principal advantages of the capillary hematocrit 
method are that it is economical of blood, that the anticoagulant used does not affect 
the size of the cells , that the volumes of red qells and white cells maj be read separately 
with case, that errors due to rubber sealing devices are avoided, and finally that it is 
rapid The entire procedure including calculations requires less than ten minutes This 
IS a paiticularly important factor in the treatment of “thermal shock” and also important 
to the technician who may be required to do as many as 20 to 30 such determinations 
dailv 

While the hematocrit tubes are being lead the remaining 1-2 cc of heparinized 
blood IS spun m a special angle centrifuge head From this plasma a protein deteimina- 
tioii is obtained using the Guthiic modification of the Barbour-Hamilton “falling-drop' 
appal atus This pioccduie rcquiies fi\c to eight minutes 

1107 




SILER AND REID 


Annals of Surgcrv 
June 1942 


Operative Tieatment — In this stage of the management of burns an effort 
IS first made to convert a contaminated large wound into a clean wound The 
patient is placed on the operating table upon a sterile sheet In most in- 
stances general anesthesia is administered Intravenous therapy is continued 
as indicated by the general condition of the patient and the laboratory tests 
The surgeons and nurses, who have been gowned and gloved m the usual 
fashion, after scrubbing for ten minutes, drape the involved region with sterile 
towels and sheets The wound is gently but thoroughly washed with white 
soap and water The soap is irrigated from the area with physiologic saline 
solution Gross debridement is carried out during this procedure, that is, 
all of the necrotic skin and bhsteis are removed The surgical team changes 
gown and gloves, after which the area is redraped Using fresh instruments 
and containers, a more minute debridement is now done and the wounds are 
gently washed with white soap and water the second time Iingation is 
again carried out with physiological saline solution 

The pressure dressing is then applied as follows The wound is first cov- 
ered with sterile fine mesh single thickness vasehned gauze strips on top 
of which are placed flat gauze diessings followed with fluffed sponges Pres- 
sure IS exerted upon the area with a folded gauze roll Further compression 
IS obtained not only upon the wound itself, but also upon the surrounding 
tissue by placing sterile “mechanic’s waste or cotton” over the entire region 
The latter is held in position with a sterile muslin roll The dressing is made 
a complete surgical one by means of adhesive tape which maintains the 
pressure and aids in immobilization of the involved part If necessary, either 
sterile aluminum splints are incorpoiated in the diessings as in the case of 
an involved forearm or hand, or immobilization of the lower extremity is 
maintained by the application of light plaster encasements This dressing is 
allowed to remain untouched, usually, foi from ten to fourteen days In 
the case of first- and second-degree burns the wound should be completely 
healed when the dressings are removed, while in the case of third-degree 
burns, the wound usually allows the application of a spht-thickness graft, as 
advocated by Blair and Brown If there is mild infection of the granulating 
wound, postage stamp Thiersch grafts may be safely applied In the rare 
instances of gross infection, the wound must be further prepared for grafting 
by suitable means 

Postoperative Care — Since no furthei care of the wounds is necessary for 
a long period of time, the mam problems are concerned with the treatment 
of the patient’s general condition and good nursing care In the severe case, 
a continuation of all the laboratory tests and therapeutic procedures, utilized 
preoperatively, may be necessary for several days We refer particularly to 
the use of the hematocrit, specific gravity and plasma protein determinations 
of the blood for the control of fluid and plasma therapy ® 

Results — W e have, during the past twm years, used this method of primary 
cleansing, compression, and rest treatment of burns on 134 patients Of this 
number, 90 were childien and 44 were adults From the standpoint of the 
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extent of the burns, as measured by Berkow’s method, the cases may be 
divided as follows Less than 15 per cent of body surface, 39 cases, 15 to 
30 per cent, 58 cases , 30 to 60 per cent, 27 cases , 60 to 85 per cent, nine 
cases, 85 per cent or over, one case (Table I) 

Table I 

VUMBER or CASES TREATED IN THIS SERIES REGARDING PER CENT OF BOOT SURFACE 
INVOLVED AND DEPTH OF BURN 

Per Cent of Total Body Surface Involved 



Degree of Bum 

15% or 
Less 

iS%- 30 % 

30%-6o% 

6o%-85% 

85% or 
More 

Total 

Cases 

Per Cent 

§ 

« e 

1'’ and 2° 

11 

20 

12 



43 

32 

■s g 
o< 2 : 

V 0 
Q ^ 

3 “ 

4 

6 

3 



13 

10 

i“, 2° and 3° 

24 

32 

X 2 

9 

X 

78 

58 


Total Cases 

39 

58 

27 

9 

I 

134 



Per Cent 

29 

43 8 

20 

6 7 

0 7 


100 


In this senes of 134 cases there ueie five deaths, or a mortality rate of 
3 7 per cent Of the five patients who died, three were given a general 
anesthetic and the other two ivere treated under analgesia Among these 
three anesthetized patients the causes of the deaths were as follows One, 
an adult, with a 40 per cent burn, died on the fourth postoperative day from 
a cerebral accident Another was a child, with a 40 per cent burn, who 
died of asphyxia from laryngeal obstruction on return from the operating 
room The third, who had a 60 per cent burn, died five hours after treatment 
The exact cause of death is unknown, but was explained by a peisistently 
high hemoconcentration m spite of large amounts of plasma therapy No 
autopsies were performed upon any of these cases 

Two patients died who were treated under analgesia One, an adult, with 
an 85 per cent burn, died on the fourteenth postoperative day from pneu- 
monia, empyema and pericarditis There was a left mild hydronephrosis 
from a mechanical ureteral blockage Autopsy was performed on this case 
The other, a child, had a 70 per cent burn, and died 12 hours after injury, 
in a state of hyperpyrexia No autopsy was obtained on this case (Table 11 ) 

Table II 

MORTALITY RATE AND ANAITSIS OF DEATHS IN THIS SERIES OF CASES 

Total Cases Deaths Mortality Rate 

134 S 3 7% 

ANALYSIS OP DEATHS 


Deaths 

Per Cent Body 
Surface Involved 

Tune Survived 

Cause of Death 

Remarks 

I 

40 

4 days 

Extensive burn Cerebral 

Anesthesia 

/t 

40 

3 hours 

accident 

Extensive bum Asphyxia 

Anesthesia 

3 

60 

S hours 

Extensive bum Kot explained 

Anesthesia 

4 

85 

14 days 

Extensive bum Pneumoma- 

Analgesia 

s 

70 

12 hours 

empyema-pencarditis 

Extensive bum Hyperpyrexia 

Analgesia 
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Clinical studies of the various wounds legaidmg intection has been most 
difficult Carefully controlled bactenologic studies were not available in 
this senes of cases Clinically, 79 cases bad no infection, 15 cases were 
mildly infected, 25 cases weie giossly infected, and ni 15 cases the results 
are unknown (Table III) Theie were only a few 11111101 infections in the 

Tawf III 

Cl iMCAi suR^^^ or the wounds avd inei ction 
Decree of Burn 



1 ° and 2 ° 

3° 

jO 2 = 3 ° 

Total 

Per Cent 

No infection 

34 

2 

43 

79 

S8 9 

Mild infection 

4 

6 

S 

IS 

II I 

Gross infection 

2 

3 

20 

25 

18 6 

Result unknon n 

3 

2 

10 

15 

II I 

Total 

43 

13 

78 

143 

100 0 


first- and secoiid-degi ee burns In the tbnd-degiee burns, where grafting 
could not be done at the fiist dressing, the inevitable bacterial contaniination 
of the granulating sui faces led to no seiious local wound infections There 
weie no deaths due to infection, unless the one patient with an 85 pei cent 
burn, ^^ho died 14 dajs after the opeiation from streptococcic pneumonia, 
empyema and suppuiative pei icaicbtis, bad her portal of entry foi these com- 
plications in the binned aiea 

Discussion of Clinical Stiidic <; — Although caieful clinical and laboratory 
studies have been made upon this senes of patients ne aie faced with the 
difficulty of not having a satisfactoi ily controlled sei les ti eated by any other 
method foi compaiison In fact, the variation m individuals and the extent 
of burns as they oidinarily occui m accidents make it ver} difficult to lun 
a paiallel series with any degiee of scientific accuiacy We have not at- 
tempted to do It The advantages of this method of therapy must, therefore, 
be stated moie or less m teims of clinical observation of the various doctors 
and nuises woiking in the depaitment of suigeiy, maii)’^ of whom have had 
consideiable expeiience with othei forms of therapy 

The deciease in the amount of suffering by this method of tieatment seems 
to be very sti iking Rarely is it necessary to continue to use moiphine or 
codeine foi more than a day 01 two aftei opeiation The patients can move 
about much more easily The nursing pioblem is gieatly simplified Theie 
IS a gieat saving m the cost of diessing mateiials when compaied ^Mth other 
methods which lequire fiequent dressings 01 compiess theiapy The tem- 
peiatuie chaits seem to us to show a sui prismglj'^ rapid leturn to normal 
levels 

Using “primary cleansing, compression, and lest tieatment of burns,” 
ne have found, particularly in the case of children, as well as adults, that 
these patients rapidly assume their own w^ater balance by 01 al fluid intake 
and that parenteral administiation is only required in the moie severe cases 
These patients are given a high protein diet as soon as possible and it has 
been our experience tbat solid food is enjo3'ed early in tbeir convalescent 
period 
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It IS oui belief that the careful toilet of the wound, undei anesthesia, and 
the long duration of the primary diessing markedly lessen the incidence of 
infection The ease with which most of the patients can he lestoied to a 
normal physiologic state suggests to us that the piessuie diessmg may aid 
mateiially m pi eventing the loss of plasma at the site of the wound and into 
the suiioundmg tissues 

The diessmgs, as we have applied them, put the hurned wounds at rest, 
aid the healing, help pi event infection and pi omote the conifoi t of the patient 

At the present time we are running a senes of hurned cases in which a 
sulfonamide diug is used systemicall}'^, and occasionally locally, m addition 
to the Koch method of treatment It is too eaily m the study to diaw any 
definite conclusions In the senes lepoited in this papei no sulfonamide 
ditigs weie employed 

EXPERIMENTAL STUDIES 

In an efloit to avoid some of the pitfalls of uncontiollahle clinical studies, 
it was decided to tiy to deteimme upon lahoiatoiy animals the effect of pies- 
suie diessmgs upon the loss of plasma m and about the site of burned aieas 
For this pill pose it was decided to use dogs, even though they do not blister 
from hums as do humans 

After considenng the problem of an attempt to find if theie is any actual 
diffeience between a hum which has a piessuie dressing applied on it and 
one which has not, we felt that the ohseivations which could he controlled 
and measuied moie accurately than any other were the volume-pei cent led 
cells of the blood and the plasma piotem content It should he clear that 
these two deteimmations do not attempt to measuie the amount of plasma 
loss, hut may indicate the degiee of shift of water balance in the blood It 
would follow then that these two deteimmations would he moie indicative 
111 a comparative study and moie applicable to the phenomenon of “thermal 
shock” seen m man than peihaps any otheis 

METHOD 

This study m hums utilized the pimciple of expeiimenting upon animals 
in pans Dogs weie used, and they weie paiied as well as possible from the 
standpoint of equivalent size, weight, and health All of the hurned dogs 
weie given essentially the same diets foi at least two weeks before any 
ohseivations weie made 

At vaiying peiiods, foi a week hefoie the hiiming mjuiy, blood samjiles 
were obtained upon w^hich hematociit and plasma piotem determinations w'ere 
made All of these blood samples weie taken at practicall} the same time 
of day This gave us a faiily good base line as to their normal values for 
these twm determinations Usuall)'- the ban w^as shaved off of the entire 
back, abdomen and both hind legs the night befoie each experiment, and 
on the follownng moining the animals weie placed and tied into position on 
the tables Equivalent aieas weie then outlined with hnlliant cresyl green 
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on each animal, after which the skin of both was cleansed with soap and 
water for ten minutes This area in most instances represented between 15 
and 25 per cent of the body surface Anesthesia was induced by intravenous 
sodium nembutal A gas-oxygen flame was used to burn the animals This 
flame was kept at a constant length, and the burner was kept at a relatively 
constant distance from the skin of each animal Each pair of dogs was 
burned for the same period of time as determined with a stop watch 

On one dog a pressure dressing was applied to the burned aiea and to 
the surrounding soft tissue, similar to the pressure dressing which we have 
used in the clinical treatment of burns After application it was enclosed 



TIME AFTER BURN IN HOURS 


Chart i — ^Representative graph of hematocrit and plasma 
protein observations in an animal without a pressure dressincr over 
the burned area 

in a light plaster encasement so that the animal could not disturb it On 
the other hand, the second animal received no dressing at all We believe 
that this procedure represents a fairly good approach to the problem of pro- 
ducing equivalent degrees of injury m two experimental animals 

Before the experiment was begun each animal had a sample of blood 
withdrawn for hematocrit and plasma protein determinations After the 
animals were burned blood samples were taken every hour for three hours, 
and then every two hours, until a total of eight such specimens were ob- 
tained We found that this method of blood sampling was sufficient to cover 
the maximum degree of hemoconcentration thus obtained Also, the tem- 
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perature, pulse, and respirations were observed before burning and at the 
time each sample of blood was drawn 

A group of 12 animals, or six pairs, were observed in this study In 
these experimental animals a degree of hemoconcentration was seen in all 
cases and, as would be expected, the plasma protein was lowered as the 
former rose In an analysis of the paiied animals, that is, comparing those 
animals treated with piessure dressings versus those animals without diess- 
ings, several generalizations can be made In practically all instances the 
degree of hemoconcentration was greater m the animal without a dressing 
than those which received pressure over and around the site of injury An- 



TIHE AFTER BURN IN HOURS 

Chart z — Representative graph of hematocrit and plasma 
protein observations in an animal vnth a pressure dressing over 
the burned area 

other interesting fact is that the rate of hemoconcentration occurred more 
rapidly in the group without a pressure dressing The maximum point of 
hemoconcentration was reached usually two to three hours after sustaining 
the burn A representative example is shown in Chart i In the group of 
animals with pressure dressings the rate of hemoconcentration was slower, 
with the maximum point usually observed four to six hours after the injury 
(Chart 2) These observations suggest to us that pressure over and around 
the site of injury mechanically suppresses the rate of plasma loss 

A more careful study of the two composite groups was done To submit 
the results to biomathematical analyses we felt that it vas more just to use 
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the peicentage change in the hematocrit detei minations of the two groups 
rathei than the actual figurative change The method of statistical analysis 
used was the "t-test” of Student In this test “t” is the difference between 
two means divided by the standaid eiioi of that difference On analysis 
(Table IV), it is levealed that such a change in the hemoconcentration, 

lABl,!: IV 

STATISTIC iL ANALTSIS OI llin MAXIMUM HEMATOCRIT CIUNGL IX EXPERIMENTAL BURNS 

Burns Without Pressure Burns With Pressure 


Pair No 

% Diff 

(% Diff ) 

Pair No 

% Diff 

(% DiffB 

I 

28 3 

801 0 

I 

18 9 

3 SS 8 

3 

17 2 

296 7 

2 

2 3 

5 4 

3 

3 6 

13 2 

3 

15 4 

238 S 

4 

S S 

30 2 

4 

0 2 

0 04 

5 

34 5 

1187 4 

S 

17 9 

320 9 

6 

16 9 

284 7 

6 

3 7 

14 0 

6 

lOS 9 

2613 I 

6 

S 8 S 

934 7 


Mean % 



Mean % 



17 6 



9 7 



S =10 s 


t = I 304 

P =0 2 



The significance of these observations was determined b> use of the formula devised by 
Student 

obseived with and without pressure, could occur 20 in 100 times, due to 
chance alone To be significant it must be five 01 less times in 100, due to 
chance This assay does reveal that the pattern of response is moie regular 
in those burned animals with piessure diessings than those without pressuie 
Other observations suggest that the dogs with piessure dressings suffered 
much less “theimal shock” than those -without diessings In the foimer 
gioup the temperatuie geneially did not go so high, and the pulse late did 
not show'^ the degiee of inciease as did those dogs in the lattei group Fur- 
thermore, we observed that the dogs with piessuie diessings appeared to be 
more comf 01 table, geneially, than the dogs without diessings The ten- 
dency was for them to move about and take fluids without a gieat deal 
of discomfort 

Theie aie some veiy definite leasons why we are not attempting to 
analyze and discuss the degree of hypopioteinemia in tins experiment In 
the fiist place the exact mechanism of balance between the piotein content 
of the blood and of the tissue is not too well undei stood at this time More- 
ovei, as plasma piotein is lost the mechanism of di awing upon protein reserve 
of the tissue is not known, and until furthei investigation clarifies this 
phenomenon w^e must be satisfied to accept piotein determinations at face 
value, that is, that the protein determination lepiesents the amount piesent 
m the circulating plasma when the sample is ivithdrawm 

These animal experimentations suggest that pressure on and about a 
burned area may inhibit the rate and degiee at which hemoconcenti ation 
occurs, but do not conclusively prove it We realize that a great many fac- 
tors entei into this problem and that moie lesearch must be done before 
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definite conclusions can be leached Some phases ol this stud} aie non 
being done 

Discussion — In the untreated hums hemoconcenti ation was obtained on 
an aveiage of two to thiee houis after the injury, while in the dogs where 
a piessuie diessing w^as applied it occuired on an aveiage of four to six 
hours aftei the injury 

The mean pei cent of hemoconcenti ation was 176 111 the untreated ani- 
mals, and 97 per cent in the animals wnth pressuie diessings This aveiage 
pel cent diffeience would suggest that piessure on and about a burned area 
IS beneficial m preventing hemoconcenti ation, yet on statistical analysis it 
is not significant 

The cn dilating plasma piotem was loweied m about the same latio as 
hemoconcentration occuried As stated elsewheie, w^e have not attempted to 
analyze this change since the lelationship hetw^een ciiculating plasma protein 
and the protein leserve m the tissues is not known and appaiently vaiiahle 

CONCLUSIONS 

(1) Oni clinical and expeiimental studies suggest that piimaiy piessuie 
di essings may reduce the loss of plasma at the site of, and into the sui round- 
ing tissues of, burned areas 

(2) The capillaiy hematociit method was used foi detei mining the 
hemoconcentration m both patients and animals It is veiy lapid, requiies 
much less blood, and is, w^e believe, moie accuiate than othei methods gen- 
eially employed 

(3) With this foim of diessing, hemoconcentration may he delayed and 
pel haps IS less severe 

(4) The diop 111 plasma pioteins wds definitely less in the dogs tieated by 
piessuie diessings than it was 111 the coiiti oiled animals The significance 
of this may he open to question, inasmuch as the balance hetw^een the tissue 
pioteins and the ciiculating piotems is not well undei stood 

(5) It appeals to us that the pathologic-physiologic changes lesulting 
fioni bums is less seveie and moie readily contiollahle undei this foim of 
theiapy than by othei methods employed Ceitainly the patients aie moie 
conifoi table and moie easily caied foi The incidence of infection has been 
1 datively slight 

(6) What effect the use of sulfonamides m the tieatment of hums wnll 
have, systemically and locally, 111 addition to the pioceduies desciihed, has 
not yet been detei mined It appeals certain that they wnll aid mateiially in 
fuithei controlling the infection 

(7) In conjunction with cleansing and dehiidement of the burned aiea 
we have used the method of pi unary pressuie diessings as desciihed m this 
papei upon 134 patients The moitality rate w^as 37 per cent 
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Discussion — ^DR Wilder G PENFIELD (Montreal, Canada) I want simply to call 
attention to the fact that the subject of burns is a most timely one at the moment During 
the last Autumn I had the opportunity to go to Great Britain to make some sort of survey 
of clinical surgical problems there for the Canadian Research Council, and during that trip 
I had the opportunity of being in the general hospitals and in the military hospitals, British 
and Canadian 

My own reaction to the clinical problems was that burns are the outstandingly 
important problems There are a good many burns now, of course, because of the fact 
that there arc burns from bombs because very frequently in open fireplaces the contents 
of the fireplaces are driven out into the faces of people sitting about them, because of the 
use of incendiary bombs and because of flash burns on all the surfaces But it seems 
quite likely that all of the surprises that arc to be sprung in this war have not yet ap- 
peared It IS possible that the forces may be called upon to deal with chemical burns 
to deal with flame burns of a different type and the need of surgeons who have the 
material in their hands of voluntarily directing their attention to this problem is a great 
one The simple problem of early recognition of a third-degree burn the question of 
whether tanning increases the depth of the initial burn, the problem of the control of 
pain and of course the problems of shock infection, toxemia, scarring, wound healing, 
all come into the picture But what is needed is not a council of perfection in the treat- 
ment of burns What is needed is standardized simple methods which could be used by 
a man in a dressing station who has 5 or 50 burns to treat at once, methods that can be 
used in hospitals that might have to treat hundreds of them 

Dr SUMNER L Koch (Chicago 111 ) I am delighted to have an opportunity to 
hear these papers because it seems to me never has a presentation been made that has 
stressed so clearly and emphatically the application of sound surgical principles to the 
treatment of a difficult problem Doctors Siler and Reid have done that They have 
emphasized first of all the careful cleansing of the open wound without adding further 
contamination and further infection second, the application of a dressing that does not 
add injury that does not cause a further destruction in addition to that which has been 
sustained third, the value of pressure a factor in wound healing which was emphasized 
years ago by Doctor Blair, which was forgotten, remembered, and now is being utilized 
to help wound healing fourth. Doctor Siler has suggested limiting the important fluid loss, 
and fifth, putting the part at rest 

These are sound surgical principles They are going to live if they are sound, and 
It seems to us they are definitely applicable 

We have been using that method at the Children s Hospital, the Cook County 
Hospital and for a period of three years, beginning January i, 1939 we have used 
the method exclusively During that period of time, with the help of Dr Harvey Allen 
who IS now at Camp Custer, and of some splendid residents who ate now in the Army 
and Navy we were able to care for 485 hospitalized cases with severe burns The 
mortality in that group was 19 cases, or 3 9 per cent a little higher than the mortality 
that Doctor Siler and Doctor Reid have And all the other things that could be said 
concerning the ease of care, the lessening of hospital morbidity, etc , were observed in 
these cases also 

Now, without wishing for a moment to answer for Doctor Siler or Doctor Reid 
the question that Doctor Penfield suggested, we had a discussion in Chicago on this 
problem of burns and Captain Cook said “Well, that method might work splendidly 
in a hospital where you have every help and available resources It will not work at all 
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m the field ” We tried to say that the method, or something analogous to it, would 
work If men were simply instructed, first of all, to mask themselves and not add in- 
fection, and then to put a preparation, an exact preparation we will not pretend to 
describe, over these open wounds, consisting of an oily dressing containing a sulfonamide, 
such as Doctor Dragstedt, and his associates, used at the University of Chicago Then 
over this dressing, which could be applied with sterile spatula very rapidly, a compression 
dressing and a splint were applied, it seemed to us that such a method might be used in a 
large group of cases, and thus be made fit for transportation When the opportunity arose, 
they could be treated by this more definitive method of treatment that Doctor Siler has 
described so well 

Dr Leo ELOESSER (San Francisco, Calif ) This discussion has centered largely 
upon variations on an old theme, namely, the variations in the various applications of 
antiseptics I wonder whether in third-degree burns, leaving quite aside the first- and 
second-degree burns we are not standing still as we were standing in the era before the 
debridement of wounds The question that Doctor Penfield has brought up is very im- 
portant — could something be done for third-degree burns where they are not received in 
too great numbers, especially for burns of the face and hands as it is to other wounds, 
namely, an early debridement and an attempt to convert what is certain to become a 
more or less septic wound into a surgically aseptic wound I think perhaps if we could 
debride earlier wound lesions, especially of the hands and face, and immediately skin graft 
these surfaces we know arc doomed to destruction, perhaps the complications which we 
have been discussing this morning might be avoided 

I merely put that question to you for your consideration I think that in a few 
cases those methods are applicable As Doctor Penfield says, when many of them are 
received at once, the method is too time-consuming to be used widely, but where not 
many of them are received, then I think it is useful 

Dr Vinton E Siler (closing) Apropos of Doctor Young’s talk, I would like to 
say that we have not proposed this I am sure Doctor Koch has the ideal method It 
may be just the compromise between the simple procedure and the ideal 


(rW<!?T) 


'SCIENCE AND HUMAN PROGRESS— III 

Entomology and Survival 

Entomology, devoted to the study of insect life, has already greatly 
aided humanity to win the bitter struggle against the vast hordes of insects 
competing for our food supply A most striking illustration of the effective 
work of entomologists is the recovery of the continent of Australia from 
threatened depopulation by the swift spread of a fast-growing cactus A 
million acres of valuable land were being occupied annually by cacti in an 
advancing wave no ordinary measure would stop The entire continent was 
in danger of being engulfed, as sixty million acres had been, when entomolo- 
gists suggested employing an insect which lives only on cactus plants The 
Cactoblastts cactorum was finally brought in from Central America and by 
virtue of Its prodigious appetite and enormous fecundity Australia has been 
saved for Man 

— A Cressy Morrison, Transactions of the New York Academy of 
Sciences, Series II, 2, No 3, January, 1940 
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0CCASI0NALL\ chioiiically infected burns show a decided bleeding ten- 
dency which seems to resist all foiins of topical and general therapy Although 
infection is a common complication of cutaneous bums, hemoiihage is rela- 
tively raie, occurring m approximately 2 pei cent ot the cases ^ Gunn and 
Hillsman- state that heinorihage occuis in only a small peicentage of cases, 
and IS usually met with only in dirty, sloughing, badly infected bums Da- 
Costa mentions that the law suiface, lesultmg fiom sepaiation of sloughs 
111 dee]i bums, is slow to heal, and may be complicated by hemoiihage 

If the infected burned aiea is extensive, the piolonged and unconti oiled 
bleeding lesults in a majoi theiapeutic pioblem The constant loss of blood 
soon pioduces a maiked anemia and subnoimal serum piotein level, in spite 
of frequent blood ti aiisfusions The absorption of septic bacteiial pioducts 
causes a continued septic fevei with frequent chills, lapid pulse, piostiation, 
and inci easing debility The patient’s mental depiession and the marked 
tendency to develop contractuies fiuthei complicate an aheady difficult prob- 
lem A VICIOUS cycle becomes established — the moie the patient bleeds, the 
gi eater the infection becomes as a lesult of the anemia, lou plasma piotems 
and debility, and the gieatei the infection becomes, the more the patient 
bleeds 

In the three cases of chronically infected bums which we are lepoiting, 
the bleeding was chaiactenzed by a continuous diffuse ooze of blood over 
long peiiods of time, up to five 01 six months The local use of lanolin or 
vaselmed piessuie diessings and vaiious topical applications of such solu- 
tions as bone acid, Burow’s, Dakin’s, azochloi amide, dilute acetic acid, 
mercui ochrome, hydiogen pei oxide, silvei nitiate, and i pei cent copper 
sulphate failed to bring the bleeding undci contiol Ihe admmisti ation of 
sulfonamides 01 ally m two, and locally in one of these patients, was like- 
wise unsuccessful In each instance, howevei, the application of a watei 
suspension of activated zinc pei oxide diamatically stopped bleeding vithin 
24 to 48 hours 

CASE REPORTS 

Case 1 — Our attention was first attracted bj this hemorrhagic tendency in the case 
of R C , white, male, age 24, who was admitted to the Holmes Hospital, November 22, 
1940, with an old infected electrical burn of his back of six years’ duration The 
infection was chronic and recurred frequuith in spite of repeated radical excisions 
and man> t>pes of treatment At the tune of this admission, an ulceration three inches 
in diameter was present in the burn scai over the center of the lower back The in- 
fected granulation tissue exhibited a persistant bleeding tendencj which previousl> had 

Read before the American Surgical Association, Cleveland, Ohio, April 6-8, 1942 
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not been controlled bj Dakin’s, azocliloraniule, coppci sulphate, saline bone acid lijdrogen 
peroxide or specific bacteriophage solution locally Lugol's solution and sulfanilamide 
by mouth also were ineffective His red blood count progressively fell to a level of 
2,800,000, with a hemoglobin of 9 Gm His bleeding time, blood platelet count and 
prothrombin time were all within normal limits 

Bacteriologic study of the wound showed presence of an aerobic hemolytic staphj- 
lococcus and an anaerobic nonhemolytic streptococcus It was thought that this case 
probably repiesented a type of chionic cutaneous ulceration, as described b\ Meleney 
Cautery excision of the infected area followed by daily dressings with zinc peroxide was 
done, and the bleeding was promptly controlled As soon as the zinc peroxide was 
discontinued and another solution, such as Dakin’s, was employed, the bleeding promptly 
reappeared The reapphcation of zinc peroxide again quickly stopped the loss of blood 
After the effective contiol of the infection and bleeding, the clean granulating area 
was then successful!}’' grafted by means of pinch-grafts followed in 12 hours by con- 
tinuous zinc peroxide dressings The patient was discharged March 3, 1941 

Case 2 — T R , white, male, age 48, received second- and third-degree burns of the 
legs, thighs, arms, and hands, November 2, 1940 While using an acetylene torch to cut 
metal, a can of gasoline nearby became ignited, which, in turn, ignited the patient’s 
clothing He was admitted to the Dermatologic Service of the Cincinnati General Hos- 
pital one hour after injury Treatment consisted essentially of continuous dressings of 
Buiow’s solution, bed rest, and general supportive measures Fifteen days later, it was 
noted that the patient had developed infection of the burned areas 

When he was transferred to the General Surgical Service for treatment and grafting, 
December 3, 1940, it was noted that the burned areas on both legs were bleeding After 
continuous compresses with Dakin’s solution, postage stamp Thiersch grafts were applied 
to the granulating wound The grafted areas soon broke down and the wounds con- 
tinued to bleed Many types of topical therapy were then tried but all failed to stop 
the bleeding Among the solutions used were saline, boric acid, acetic acid, azochloramide, 
cepryn chloride, mercurochrome, Dakin’s solution and hydrogen peroxide In spite of 
frequent blood transfusions, the anemia became more and more pronounced He received 
daily 24 ounces of orange juice and 75 mg of cevitamic acid, without influence on the 
bleeding 

On Apiil 10, 1941, the patient was shown in surgical ward rounds, and at that time 
he appealed obviously and clironically ill The burned areas on both legs were covered 
with large masses of dark partially clotted blood and pus beneath which the granula- 
tion tissue was piled up and edematous (Fig i A) Active continuous oozing of dark 
blood could be seen 

The patient was debilitated, discouraged, and disfigured by contractures of both 
legs The temperature was 100-102° F, and of the septic t^pe, pulse 100-130 Laboia- 
toi V Data R B C 2,300 000 , hemoglobin 8 Gm , serum jirotcin 5 7 Gm per cent , serum 
albumen 25 Gm per cent serum globulin 22 Gm per cent, hematocrit 31 per cent The 
prothiombin time was 93 per cent and the blood platelet count was 260,000 After four 
and one-half months of unsuccesstul effort to control the bleeding, the loss of blood 
became so alarming that bilateral amputation of the affeeted legs was strong!} considered 
as a last resoit 

Careful cultures of the wounds at that time revealed the presence of nonhemol}tic 
Staplivlococcas albtts, hemolytic Staphylococcus oiornr, and a nonhemolytic streptococcus 
No stricth anaerobic bacterium w'as demonstrated 

On the basis of our experience in the former case, the local use of zinc peroxide 
seemed indicated, even though no strict!} anaerobic or micro-acrophilic bacteria were 
present In addition, the legs were straightened and slight!} elecated b\ means of trac- 
tion applied to Stcinmaiin pins inserted through the os calcis 

Twent}-four hours after the first application of zinc peroxide suspension the bleeding 
was completeh stopped (Fig i B), and the granulation tissue was beginning to assume 
a blight red, healtln appearance which became more jironounced daih Multiple whole- 
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Fig I — A Bleeding granulation of infected burn of Case 2 
B Appearance of granulation tissue 24 hours after first applica 
tion of zinc peroxide suspension showing complete arrest of bleed 
mg C Same wounds after skin grafting and healing 
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blood transfusions were given, and within two weeks the patient looked much improved , 
his RBCivas then 4,000,000, and his temperatuie had fallen to approximately normal 
The wounds were pinch-grafted in five sittings, between the dates of May i, 1941 and 



Fig 2 — A Bleeding granulation tissue of infected burn in Case 3 B Same 
wounds after skin grafting and healing 

July 15, 1941, because of the extent of the involved aieas By August 25, 1941 all 
wounds were healed except several small crusts, and only at this time was zinc peroxide 
therapy stopped He was discharged November i, 1941, completely healed (Fig i C) 
Case 3 — M L , ivhite, male, age 13, was admitted to the Children’s Hospital, June 13, 
194I1 17 days after having received second- and third-degree burns of both lower ex- 
tremities and his right forearm While playing with a small fire, gasoline A\as thrown 
by him into the fire The ignited fuel exploded on his trouser legs, and in removing 
these, he burned his right forearm He was carried immediatelj to another hospital 
where the wounds were cleaned and spraj^ed with tannic acid During the first week 
infection occurred beneath the eschar and it was, therefore, necessarj to remo\e a 
great part of the crust Warm saline compresses Avere then applied At this time he 
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was seen iiid lieatcd on tlic Singical Scniic of tlic Clnldren’s Hospitcd His tem- 
perature %\as 10=;° F, and of tlie septic Ape Uranalysis was essentially negative 
R T 3 C 3,^60,000 hemoglobin 91 Gni jier cent The wounds were treated wuth warm 
saline compi esses followed in three days with Dakin’s solution The granulations rapidlj 
attained a healthy appearance, but the patient still ran a septic course The wounds 
w'ere grafted June 24, 1941, July 17, 1941, and August 7, 1941 By September 7, 1941, 
30 davs after the last grafting, the granulations were bleeding quite freel> and piling-up 
thicklj about the now= disappearing grafted skin A donor area from the left thigh 
leacted similarly, being obviously infected The patient w'as very pale, discouraged and 
disfigured by flexion contractures and large bleeding infected wounds of both legs (Fig 
2 A) RBC 3,100,000, hemoglobin 74 Gm per cent, hematocrit 23 per cent Many 
solutions weie used unsuccessful^, including acetic acid, saline, boric acid, azochloramide 
in olive oil and lanolin pressure dressings Multiple blood transfusions were given and 
he was placed on a diet rich in vitamins On September 18, 1941, when the patient 
W'as first seen by us m consultation a bemolvtic Staphylococcus auicus, hemolytic 
stieptococcus and a hemolytic B colt were cultured from the bleeding and infected 
wounds The following daj applications of zinc peroxide suspension were started, and 
the pieviously hemorrhagic, dark red infected granulation tissue became healthy appear- 
ing and bloodless m less than 48 hours Within 14 davs the granulations had become 
flat and pinch-giafts were successfully applied September 25, 1941 and October 6 1941 
The application of zinc peroxide was resumed 12 hours after the grafting Except 
for a few small granulating areas the w'ounds were completely epithehzed b\ October 19, 
1941, and the zinc peroxide dressings were then discontinued Straight leg traction 
and exercises overcame the flexion contractures of his legs 

Except for a short vacation during the holiday season he remained hospitalized 
until March 15, 1942, at which time the legs w’erc completely epithehzed (Fig 2 B ) 

Discussion In each of these thiee cases the complication of bleeding was 
very serious, and always associated with chronic infection, but never with 
jaundice, low piothrombin time, 01 othei obvious manifestations of livei 
deficiency This type of bleeding, det'cloping spontaneously during the 
gianulating stage, is not to be confused with that occurring eailiei, either 
due to depiessed blood piothrombin levels'* 01 sepaiation of large infected 
sloughs The cause of the bleeding tendency and tbe explanation of the 
effectiveness of zinc pei oxide aie obscure Accoiding to Harkins,”’ hemor- 
ihage fioin supeificial vessels may occui either duiing sloughing or latei 
in the granulating stage of bums Theie is consideiable evidence that some 
bacteiial pioduct produces the bleeding The constant association of this 
complication with infection, as noted by Gunn and J-Jillsman,- and as demon- 
stiated by oui cases, supports this vieiv The continued oozing of blood 
indicates that the hemoirhage is of the capillaiy type, which, occasionally, 
may be the 1 esult of damage to the capillaries by bactei lal toxins ** Likewise, 
the lapid airest of the bleeding, coincident with the control of the infection 
by zinc pei oxide, strongly suggests that its bactericidal and detoxifying 
action aie lesponsible for its effectiveness 

Although zinc pei oxide is usually consideied to be indicated in lesions 
contaminated 01 infected by anaerobic or micro-aerophihc bactei la, Johnson 
and Meleney' have demonstiated that this substance also possesses a bac- 
tei icidal action in vitio foi hemolytic stieptococci and pneumococci, and a 
detoxifying 01 destructive action on the hemotoxms of the streptococcus and 
gas bacillus As lelativel}^ lesistant to the action of /me peroxide the)' 
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listed the staphylococcus, B coli, B pyocyanens, and B piofcia We have 
been able to show a similai destruction of the hemolysin of the staphylococcus 
and of the B coli as A\ell as the sti eptococcus aftei incubation foi half an 
houi with zinc peroxide 

A study of the bacteiia isolated fiom each case shows that the gieat ma- 
joiity weie hemolytic vaiieties, and that the hemolytic Staphylococcus aio cus 
was the only one common to each case (Table I) 

Tabi f I 

DACTI RIA ISOLATI D 1 ROM BLI EDIVC BURNS 

1 R C — Hemolytic StafiliilocoLCus aureus 

Nonhemolytic Staphylococcus aureus 
Nonhemolj tic anaerobic streptococcus 

2 I K --Hemolytic ^taplnlococcus am eus 

Slreptococeus fecahs 
Nonhemolytic Staphylococcus alhus 

3 M L — Hemolytic 5/a/>/o/ocorfi(i «i() ms 

Hemolytic streptococcus 
Hemolytic Ji colt 

Ceitam stiains of the Staphylococcus auicus may pioduce a vaiiety of 
toxic substances m aitificial cultuie media, including hemolysin, leuKocidm, 
necrotizing toxin, lethal toxin, gasti o-entei ic toxin, plasma coagulase, and 
fibnnolysm We have found no refeience to the ability of staphylococcal 
toxins to cause hemoiihage, m fact, plasma coagulase supposedl} favois septic 
thiombosis m staphylococcal infections It is possible that this oiganism 
produces an additional toxic factoi Athich is lesponsible foi this type of 
bleeding 

Attempts to pioducc capillaiy henioiibage fiom gianulatmg sui faces of 
burns m dogs b) the injection oi continuous application of bacteiial free fil- 
tiates iich m staphylococcal, sti eptococcal, and B cob hemolysins have 
failed 

Slmmar\ Thiee cases of chionically infected liuins aie piesented m 
which a late and seiious complication -was continuous capillaiy bleeding 
Aftei many t}pes of local theiapy had failed, the application of zinc pei oxide 
miniediateh stopped the bleeding If the zinc jiei oxide was discontinued, 
the bleeding lecuiied Avithin a few days Reapphcation of the /me pei oxide 
again quick'h conti oiled it The nature of the bleeding and tbe action of tbe 
zinc pel oxide lemain unexplained 

CONCLUSIONS 

In conclusion we wish to emphasize the following points m the manage- 
ment of these and similai cases 

(1) The ple^entlon of this or othei Hpes of infection by caieful debride- 
ment and cleansing of the fiesbh burned aiea 

(2) I he ad\antage ut caieful bactci lologic culuiics 

(3) eftectneness of zme peroxide diessmgs m the control of this 
t\ pe of bleeding as w ell as of the infection 

(4) The pieiention of contractuies 
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(5) Adequate blood transfusion to restore the red blood corpuscles and 
hemoglobin to normal levels 

(6) Skin grafting as early as possible 

(7) Reapplication of zinc peroxide within 12 hours after grafting 

REFERENCES 

^ Pack, G T , and Davis, A H Burns Types, Patholog3% and Management Phila- 
delphia, J B Lippincott Co , 1930 

2 Gunn, J, and Hillsman, J A Thermal Burns Annals of Surgery, 102, 429-442, 

1935 

* DaCosta, J C Modern Surgery loth ed , Philadelphia, W B Saunders Co , 1930 
^McClure, R D, and Lam, C R Problems in Treatment of Burns Liver Necrosis 

as Lethal Factor Southern Surgeon, 9, 223-234, April, 1940 
® Harkins, H N The Treatment of Burns Springfield, Illinois, Charles C Thomas, 
1942 

® Ritchie, W P Essentials of General Surgerj^ St Louis, C V Mosby Co , 1941 
’’ Johnson, B A , and Meleney, F L The Antiseptic and Detoxifying Action of Zinc 
Peroxide on Certain Surgical Aerobic, Anaerobic, and Micro-aerophilic Bacteria 
Annals of Surgery, 109, 881-911, 1939 

DISCUSSION — Dr Frank L Meleney (New York) I wish to say just a few 
words about Doctor Altemeier s paper which interested me a great deal We have had 
similar experiences in bleeding from chronically infected wounds when using zinc peroxide 
with cessation of bleeding, but they were not quite so dramatic as the cases which he has 
presented 

It will be remembered that the chronic, undermining, burrowing type of ulcer, in 
which the value of zinc peroxide was first demonstrated, previous to that demonstration 
was very frequently associated with a profuse hemorrhage, and even fatal hemorrhage when 
there was erosion of some large blood vessel Further than that however, in some of the 
chronic cases one of which Dr Sumner Koch will remember even without serious bleeding 
there was frequently a very rapidly developing anemia which could only be controlled oy 
transfusions However with the use of zinc peroxide in that particular case the first 
result was the rise in hemoglobin and red cells, and the end of the necessity of transfusion, 
so that besides the immediate action on the surface blood vessels and on the deep blood 
vessels there is another hemolytic action which is probably generally absorbed into the 
blood stream and acts upon the blood-forming organ 

I believe that these cases represent secondary hemorrhage, similar to that which we 
have all seen in our experience from continuous severe infection 

As Doctor Altemeier has said, we demonstrated the effect of zinc peroxide on the 
growth organisms in vitro and we found that the action was most striking upon those 
which were most highly anaerobic but the action was also present, at least bacteriostatic 
if not bactericidal on the micro-aerophilic organisms and certain of the aerobic organisms 
The experiments were done first with very high dilutions of zinc peroxide (half of 
I per cent) which showed the lethal action on anaerobic or micro-aerophilic organisms 
and required i per cent 5 per cent and even to 20 per cent to be bacteriostatic on the 
aerobes That was demonstrated on the hemolytic Staphylococcus aureus I think that 
Doctor Altemeier, if he still has those cultures might attempt to demonstrate the bacterio- 
static action upon the organisms which were found in these cases, not only in pure cul- 
ture but in mixed culture because it is known that organisms in skin biopsies will often 
have an action which they cannot produce in pure culture 

Dr William A Altemeier (closing) I want simply to mention that we have 
seen two additional cases of burns which have had this bleeding tendency, but which 
were lesser in degree and which of course we have not included in the report 

Doctor Meleney has asked me to state that there are eight units that have been set 
up throughout the country under the auspices of the National Research Council for the 
study of contaminated wounds and burns and that during the coming year we hope 
to answer many of these problems that have been discussed 
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Though the impoitance of plasma transfusions in the treatment of burn 
shock IS now generally accepted, there is less agreement in regaid to the 
amount of plasma to be given, and the timing of its administiation Increas- 
ing experience indicates that it is difficult to set up a “rule-of-thumb” which 
will cover even a majority of the requirements of all patients, and that plasma 
dosage is an individual pioblem which varies with each patient 

That there is a need for a simple and accuiate method foi detei mining 
plasma loss caused by burns is evidenced by the many methods which already 
have been suggested ^ The foimula offered by the authors in a pievi- 

ous contribution^ meets one of these requirements, namely, accuracy, but it 
lacks the virtue of simplicity Fuither experience has shown that to be 
practical for general use such a formula should require but a minimum of 
laboiatory data and mathematical calculations We, therefoie, offei as a key 
to the use of our formula a chart from which the plasma piotein deficit may 
be read directly if the hematociit oi hemoglobin level, plasma protein level, 
and body weight are known 

This paper will piesent the chart, describe its use and also give a deriva- 
tion of the authors’ equations for calculating plasma protein deficits resulting 
from severe bui ns 

A CHART or protein DEFICITS AFTER BURNS 

In order to simplify the calculation of protein losses resulting from severe 
burns values weie calculated from the authors’ equation^ for the average 
adult with a normal hematociit of 45 per cent cells, and a body eight of 
70 Kg (154 lb ) The calculated protein deficit, in grams, was plotted 
against the assumed hematocrit values for several plasma protein levels as 
shown in Chait i Hematocrit values are represented by points on the hori- 
zontal base line, plasma protein deficits or equivalent plasma volumes by 
points on the veitical margins, and plasma protein concentrations by the 
curves Therefore, each vertical line in the chart represents a given hematocrit 
value and each horizontal line a plasma deficit To read the deficit for a 
burned patient, take the point where the vertical line corresponding to the 
observed hematocrit value intersects the curve corresponding to the estimated 
plasma protein level, interpolating whenever necessary The horizontal line 

♦Read before the New York Surgical Societj, New York, N Y, iMarch 11, 1942 
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fiom this point to the left margin of the chait indicates the plasma piotein 
deficit, m giams and to the light the equivalent volume of noimal plasma 
If the weight of the patient diffei s mai kedl} from 70 Kg . toi which the 
calculations veie made, the deficit lead fiom the chait must be multiplied by 
a suitable factoi An examiDle is given on the chart If only the hematocrit 
can be detei mined the piotem level is assumed as 60 to 70 Gm /lOO cc 
during the fiist 48 hours following the bum, piovided the total intake of 
fluids is lestiicted to thiee liters pei day It should be pointed out that 
large eriors may be introduced if the protein level is unknown In the un- 
conti oiled burn case the piotem level ma)'^ vaiy between wnde limits 

Hemoglobin levels equnalent to each hematociit value may be substituted 
on the horizontal axis This can be done because the chait defines the re- 
lationship of hemoconcentiation to plasma piotem loss caused by severe burns 
The limitations of this procedure will be discussed below' 

The chart cannot be used directly for burned cases complicated by hemoi- 
ihage, anemia or polycythemia The anemic individual, especially a child, 
presents a problem not easil}' handled by any chart 01 fixed lules A wdiole 
series of charts, one foi each basal hematocrit, is needed for the entire range 
of anemias The chait may be used if due allow'ances are made for the 
degiee of anemia At the same hematocrit level the plasma deficit for an 
anemic individual is 20 to 100 pei cent greater than that foi a person with 
a normal hematocrit Theiefoie, values fiom the chart are minimal and must 
be mci eased pi opoi tionall} foi the anemic patient This is also tiue for the 
binned patient wdio has lost red cells by hemoiihage In the patient with 
polycythemia the piotem deficit is considerably less than the lalue indicated 
by the chart Allow'ances must be made foi added red cells if a w hole-blood 
transfusion is given In all of these instances the most dependable value for 
the protein deficit is obtained by substituting probable normals m the formula 
deiived below and calculating 

DERIVATION OF THE EQUATIONS 

The calculation of plasma I'olume changes and piotem deficits is based on 
several assumptions wdneh do not meet the iigid lequnements for laboratory 
reseaich data but are sufficiently valid foi clinical use Normal plasma 
volume, m liters, is taken as 5 per cent of the body w'eight in kilograms 
(005XW) Normal plasma protein level is assumed to be 70 Gm per 100 
cc Hence, total circulating plasma piotem is oo5xWx7 0xio = 3 5W 
The change in plasma volume for a unit indicated by changes in serial 
hematociit values may be taken as 1 epresentative ot the entire plasma volume 
It IS furthei assumed that the total volume of cells in the vascular tree does 
not change significantly duiing a senes of observations consideied here The 
equations cannot apply if there has been any marked change in red cell 
volume through hemoirhage, either external or internal, transfusions of 
whole blood or osmotic shifts of w'atei If the cell \olume under normal 
conditions = H„ pei cent by volume of wdiole blood, then lOO-Hn = cc 

1126 



^olum6 
dumber 6 


ESlL\KriON OF PLASMA PROTEIN 


j)lasma pei lOO cc blood Also, unit volume of plasma pei unit volume 

of cells ^\ ill be 

Plasma _ loo ~ H,, 

"Cells " HT” 

In like mannei, when the plasma volume is suddenly changed by extiavasa- 
tion of plasma (oi by dilution) without appieciable change m cell volume, 
the new ceil \olume is designated as H„ pei cent by volume of cells in whole- 
blood. and 100 — H„ = jilasma pei lOO cc whole-blood The plasma 
colume pel unit \olume ot cells is 

Plasma _ loo — H„ 

Cells ~ “Ho” 

Since unit cell colume is the same in both instances the latio of the second 
plasma \olume to the noimal \olumc may be wuitten 

loo — H„ 

(ioo-Ho)H„ 

100 - H„ (loo - H„)H„ 


This lalio multiplied b\ the initial plasma volume (005W) gives the cal- 
culated plasma \olume at ain given value foi H„ 

Plasma \ olumc at hematoci it 

^ (100 — Ho)H„ o oAV 

(ioo-H„)Ho 

If the concenti alion of piotcm m the alteied plasma volume is P,, Gm pei 
100 cc the total quantity of cnculating piotein is 

(100 - Ho)H„ o 05W X Po X 10 
(100 - Hn)H„ 

The piotem deficit is the initial plasma piotem less this value 01 Piotein 
deficit m gi ams equals 

,,, W(ioo - Ho)H..Po 

’ 5"^ - ,(.00 - H,)Hr 

The teinis may be ledefined 

W = Body weight m kilograms 
H„ = Normal hematocrit, '' per cent cells 
Ho = Hematocrit’’ per cent cells, after the burn 
Po = Plasma protein, Gm / 100 cc , after the burn 

In a similai mannei accuiately detei mined hemoglobin levels may be used 
to express plasma loss because theie is a lemaikable constancy in the size 
and hemoglobin content of the led cell in noimal pei sons The content 

’•'The total cell volume rather than the usual hematoci it value gives more accurate 
results when there is a marked leukocj'tosis 
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of hemoglobin m blood is, therefore, proportional to the total volume of red 
cells or the hematocrit value Obviously, the volume of plasma is the dif- 
ference betw^een the total blood volume and the cell volume The calculation 
IS made m this manner Let K = Grams hemoglobin m loo cc packed cells 
Let Hbn = Grams hemoglobin in loo cc normal blood Let Hbo= Giams 
hemoglobin in loo cc whole-blood which, through changes in plasma volume 
only, has more or less hemoglobin than the normal level Then K — Hbn is 
a measure of normal plasma volume, while K — Hbo is a measure of the 
altered plasma volume after the burn From this point the derivation is 
identical with that of the hematocrit plasma protein equation presented above 
The final equation takes the form Protein deficit m grams equals 

W(K - Hbo)Hb„Po 
.(K-Hb„)Hb. 

Key W = Body weight m kilograms 

K = Gm hemoglobin in loo cc packed cells 
Hbn = Gm hemoglobin m loo cc normal blood 
Hbo = Gm hemoglobin m loo cc blood after the burn 
Po = Gm protem/ioocc plasma 

This equation, relating plasma volume changes to hemoglobin levels, gives 
the same calculated deficits shown by Chart i The equivalent hemoglobin 
level is substituted for each hematociit figure on the horizontal axis Such 
equivalents, calculated from Haden’s normals, are shown m Table I Similar 
equivalents may be calculated for the normals established in any other 
laboratory 


Table I 

equivalents calculated from haden s normals 


Hematocrit 
% Cells 
4S o 
47 S 
SO o 
S2 S 
SS 0 
57 5 
6o 0 
62 s 
6s o 
67 S 
70 o 
72 S 
75 O 
77 5 
80,0 


Hemoglobin 
Gm /lOo 

15 40 

16 2 S 

17 10 

17 96 

18 82 

19 67 

20 S3 

21 40 

22 2S 

23 TO 

23 98 

24 82 

25 70 

26 S4 

27 40 


Hemoglobin 
% Normal 
100 
106 

III 

116 

122 

128 

134 

139 

144 

150 

156 

161 

167 

172 

178 


Two serious difficulties arise m using hemoglobin levels for estimating 
plasma volume changes The error in hemoglobin determinations, by the 
widely used methods, is entirely too large for the present purpose The 
gasometnc methods are quite accurate but are not suitable for routine use, 
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but hemoglobin levels, determined as oxyhemoglobin, with an accurately 
calibrated photoelectric coloiimetei, aie quite reliable and may be used when- 
evei available In the second place, a marked leukocytosis (usually seen m 
seveie bums) causes a discrepancy between the total cell volume and the 
hemoglobin level Tins dispaiity is increased by a swelling of the red cells 
folloning a hemoiihage, as obseived by Biennan® For these, and other 
leasons, the hematociit is the method of choice m following burned patients 

The above equation repiesents a geneial type of expiession which may 
be modified to show a variety of relationships In a previous publication,” 
the same mathematical leasonmg was used to express the total base changes 
m extracellular fluid The validity of this reasoning depends on (i) the ac- 
curacy of assumed noimal values, (2) the constancy of the total circulating 
red cell volume, (3) the fidelity \Mth which the total plasma volume changes 
are reflected by a changing plasma cell ratio m the large vessels The magni- 
tude of the errors introduced by each of these factors has not been evaluated 
In a sei les of burns, seen at the Pennsylvania Hospital, the calculated protein 
deficit appeared to be vithm 20 per cent of the quantity used m restoimg the 
circulation to the assumed noimal This is sufficiently accurate for clinical 
pui poses 

Discussioii — A sharp distinction should be made between plasma protein 
deficit and plasma dosage m seveie bums The magnitude of the protein 
deficit IS only one factor m determining the plasma dosage Other factors 
which must be considered are (i) blood volume depletion apart from plasma 
protein loss, (2) location and depth of bum, as well as area involved, (3) 
time elapsed after burn, (4) rate of piotem leakage from vascular bed, and 
(5) complicating factois, such as condition of the heart and kidneys, degree 
of generalized edema and auxiliar)^ medication (coitical hormone) The state 
of the peripheral circulation is the final ciiteiion for giving plasma transfu- 
sions during the first two or tin ee days following the burn If, on taking all 
factors into consideration, a given dose of plasma does not pioduce the ex- 
pected change 111 peripheial circulation, additional plasma must be given 

At no time dui mg the course of a burn is it advisable to compensate com- 
pletely for the plasma protein loss by a single large transfusion, given rapidly 
For the first 40 houis plasma continues to leak from the capillaries, and if 
a large transfusion be given within that time, an appreciable amount of the 
transfused plasma leaks out ^ It is the authors' policy to give, during this 
period, continuous plasma infusion m sufficient quantity to (i) keep the pa- 
tient out of circulatory failuie, and (2) keep the hematocrit down to within 
10 points of normal for that particular patient After the peiiod of excessive 
plasma leakage the hematocrit and plasma protein are again determined, and 
the deficit calculated Then plasma, equivalent to 80 or 100 per cent of the 
calculated deficit of protein, is given slowly by a continuous drip A quantity 
of plasma greater than the calculated deficit would increase the blood volume 
above the normal Too rapid an infusion might lead to cardiac embariass- 
ment or to pulmonary edema in a patient with poor reserve As pointed 
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out by Harrison and Picken/® the last two complications aie very leal dangers 
when giving an overdose of plasma 

The present tendency for standardizing plasma dosage according to ar- 
bitral y lules IS mentioned to deplore the practice It would seem better to 
fit the plasma dose to the patient lathei than to fit the patient to the rule 
An arbitiaiy dose of plasma may be insufficient to coriect the circulatory 
impaiiment in one patient The same quantity of plasma may be a huge 
oveidose, which will pioduce due consequences in another patient 

CONCLUSION 

A simple chdit showing the lelationship of plasma loss and hemoconcen- 
tiation in severe bums has been constiucted fiom the authois’ equation The 
plasma piotem deficit in binned patients may be read from this chart when 
the hematocrit, plasma piotem level and body weight aie known Under 
ceitam conditions accuiately detei mined hemoglobin levels may be substituted 
for the hematocrit value 
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KECENT TRENDS IN THE THERAPY OF BURNS* 
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J E Rhoads, MD 
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Fvtal burns cause death mainl} ni three \\a)s Deaths within the first 
48 hoiiis die usualh due to shock Those fiom the fouith to the seventh day 
aie usually due to changes in the pai enchymatous organs and the late deaths 
aie usuall} due to inlection and malnutiition 

The sy^trniic tieatinent of bums has been developed on the basis of the 
expel imentcil uoik of such men as Undeihill, Blalock, and Haikins, and now 
appeal s to pi o\ ide a sound basis toi the treatment of shock It has not, how- 
ex ei, made such coiiMiicmg piogiess m the pievention of damage to the 
paienclnmatous xnsccia "J he lesult, theiefoie, of impioved systemic treat- 
ment has been to pi ex ent some deaths but mei ely to postpone othei s 

'I'be pioblem of infection is no longei solely m the domain of local treat- 
ment Ihe sulfonamides haxe come to occupy an impoitant place in the treat- 
ment of bin ns as thex haxe 111 the tieatment of all othei t}pes of open xx’-ounds 
They aie uselul sxstemicall} as xxell as locally Since the adx^ent of the sul- 
fonamides, the local tieatment of bums, xxdiich xxas stabilized in 1925 by the 
advent of tanning, is noxx in a state of flux The closed methods lepiesented 
bx ap]ihcations of tannic acid, silxei nitiate, gentian xuolet, 01 tuple dye are 
challenged hx a xaiietx oi open methods including x^asehned gauze and com- 
piession diessmgs (Koch and Mason), sulfanilamide poxvdei and x’^aselmed 
gauze (Colebiook), saline conijn esses, and sodium h}pochlorite iirigations 
xvith the aid of oiled silk envelopes (Bunyan and Stannaid) Plaster encase- 
ments have been used lecently xvith success in England A compromise 
method of consideiahlc piomise is the sulfadiazine tiiethanolamine spiay de- 
vised by f-’icki ell This combines the adx'antages of the local application of 
sulfadiazine xvith the foimation of a diy semitransparent membrane which 
IS adherent to the burned suiface, yet apparently foims xvithout coagulating 
lixnng tissue 

As shock has been the most impoitant cause of death its treatment xvill be 
consideied fiist It is noxv geneially agieed that a reduction in blood volume 
IS the most constant change in shock and that restoiation of the blood volume 
results 111 striking clinical improvement Fuithermore, in shock, due to 
bums, the loss of blood xmlume is almost entnely a loss of plasma as op- 
posed to cells For this leason, in bum shock, the hematocrit may be used 
as a measuie of the plasma loss 

The most important dex^elopments in the field of shock therapy in burns are 
( r ) Recognition that the phj'-siologic i equirement of the burned patient 
IS plasma 

"Read before the New York Surgical Society, March ii, 1942 
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(2) That plasma should be given quantitatively 

(3) That over half the plasma loss may occur within an hour of the 
burn 

(4) That there is a continued loss of plasma for some time after the 
burn 

(5) That the rate of loss probably varies with the amount of plasma 
in the circulation as well as with the severity of the burn 

The high hematocrit and hemoglobin concentrations occurring m the blood 
of burned patients led Underhill to regard dehydration as an important aspect 
of burn pathology Fluids were forced by mouth, if the patient was able to 
drink, and were given parenterally in the form of glucose and saline solutions, 
if vomiting occurred 

Interestingly enough, excellent evidence of the difficulty of replacing lost 
plasma with colloid-free solutions was obtained as early as 1920, when Smith 
and Mendel showed that a rabbit could be given intravenously an amount of 
saline equal to his entire plasma volume as rapidly as possible and that by 
five minutes after the infusion over 90 per cent of the fluid would have left 
the circulation 

More recently, Minot and Blalock have shown that the intravenous admin- 
istration of colloid-fiee solutions to animals m shock actually augments the 
plasma loss, that is, it washes the plasma protein out of the circulation 

The use of whole blood transfusions was undoubtedly an advance, how- 
ever, as there is little loss of erythrocytes and as the blood of burned patients 
is already too concentrated, it is illogical to use whole blood if plasma is avail- 
able This IS particularly true if the plasma is still leaking from the circula- 
tion It should be remembered that the viscosity of the blood increases much 
more rapidly than the hematocrit, as blood becomes more concentrated 
Trusler, Egbert, and Williams have recorded failure to relieve the blood con- 
centration of a severely burned patient by means of whole blood transfusions 
Only after resorting to plasma transfusions were they able to bring about 
clinical improvement in this case 

The special usefulness of plasma m the treatment of bums is now widely 
accepted There is, however, much less appreciation of the quantity of 
plasma commonly lost by patients with burns There is rather good evidence 
that the loss of plasma usually amounts to at least 30 per cent before very 
marked clinical symptoms appear and that in burns of moderate severity it 
may frequently amount to as much as 40 to 50 per cent As the total plasma 
volume of a 154-pound individual is normally 3,500 cc , the loss commonly 
runs from 1,200 to 1,700 cc A 500 cc infusion will, therefore, be a step in 
the right direction but will fall far short of the full requirement of the patient 

An important observation which has been made by various authors is that 
a marked reduction of the plasma protein concentration commonly develops 
simultaneously with the rise in the hematocrit so that within an hour or two 

1132 



Volume 115 
Number 6 


RECENT BURN THERAPY 


after a burn hypopioteinemia appears This, of course, calls for additional 
amounts of plasma 

It should be emphasized that it has been the development of the blood bank 
and the availability of large amounts of pooled plasma which have made quanti- 
tative treatment of burn shock with plasma piactical 

The plasma loss begins almost at once and a 20 per cent loss has been 
obseived within 15 minutes after a bum in a case treated at the Pennsylvania 
Hospital It IS essential to have plasma available for immediate infusion in 
cases of this type Anothei impoi tant point m the management of burn shock 
IS the question of the duiation of the plasma leakage Investigators do not 

Relation of Plasma Transfusions to 
Loss of Plasma Protein from the Circulation<. 


gm 



agiee on whether this leakage is both local and geneial, or whether it is purely 
local, but there is no question that it persists for some time after the burn The 
work of Elkmton, Wolff, and Lee gives the plasma volume cuives of four 
patients, and indicates the response of burned patients to large plasma infu- 
sions at varying peiiods after the burn The infusions given after the fortieth 
hour were for the most part retained, whereas those given before the fortieth 
hour were largely lost Undoubtedly there is some individual variation, but 
these studies gave the first leal indication of the duration of the increased 
capillary permeability Furthermore, they indicate another point of some 
importance, and that is that the addition of laige amounts of plasma to what 
may be termed a leaky circulation leads to a moie rapid plasma loss, with the 
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result that a greatei total quantity of plasma is extravasated than would 
otherwise have been the case Blood chemical studies on these patients were 
done at six-hour intervals so that it is possible to estimate the relative amounts 
of plasma protein m the ciiculation at the end of each six-hour period and 
by knowing how much plasma the patient received during the period,, it is 
possible to calculate how many grams of protein were lost each six hours 
Figuies I and 2 show the result of such a study In the fiist, a large infusion 
was followed by a large increase m the plasma loss In the second, as long 
as the plasma was given m small quantities, i datively little loss occuired (Case 
9) Therefore, until a satisfactory method is found for restoring capillary 
peimeabihty to noimal promptly, it seems better to administer the plasma 

Helation of Plasma Transfusion to 
Loss of Plasma. Protein from the Circu lation 

Penna Hasp BurnSenes 
gm Case 9 



Tic 2 

gradually by continuous intiavenous drip, ratliei than to give laige infusions 
rapidly before the capillar}'^ peimeabihty has had time to recover 

Several other measures have been recommended foi treatment of burn 
shock Moiphine remains generally accepted The head-dovn position is 
often of value as a temporal y measui e The use of oxygen has been endorsed 
by Schnedorf and Orr, and its usefulness in sevei e shock questioned by H A 
Davis As the anoxia of burns is a stagnant anoxia and not due to any lack 
of oxygen m the alveoli, it is unlikely that oxygen will be of very dramatic 
value m liurn shock, though it must add something to the saturation of the 
arterial blood The value of external heat has been investigated, and experi- 
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mental evidence by ] 3 Ialock and Mason, sHoavs that excessive external heat 
hastens the deteiioiation of animals m shock It is thought that this is due 
to the opening up of peiipheial vessels vith a lesultant diminution m the 
ai^ailability of blood foi vital centeis Teinpei atui es up to 85° F aie piobably 
safe and clinical expeiience indicates that they aie desiiable 

In the field of local tieatment, developments have been many and lecom- 
mendations numeious Many of the new foims of tieatment aie, of couise, 
meie elaboiations of eaihei methods Out of much that is conti ovei sial, two 
important tiends aie discernible fiist, a distiust of the tannic acid tieatmeiT, 
and, second, an inci easing use of sulfonamides In both these tiends the 
Biitish have been leadeis Tannic acid is consideied by Wakeley to have 



Fif 3 Fig 4 

1 IGS 3 4 — Pictute Octobei 23, 1941, shoumg disfi ibiition of bum Siilfomniide powclei 

IS conspicuous 


given bad lesults in bums of hands and face Wakeley presented loentgeno- 
giams of hands showing steiile necrosis of the distal phalanges attributed to 
the constiicting effect of the eschar on the cn dilation In facial bums in- 
stances of ectropion with corneal ulceiation weie also lepoited While the 
Biitish are not unanimous on this point, such a laige niajoiity feel that the 
stiongei tanning agents should not be used on hands and face that they have 
been laigely given up in this Countiy for these areas It would seem that the 
sulfonamide piepaiations aie among the most promising substitutes 

The use of sulfanilamide in the local tieatment of infected burns was begun 
by Leonaid Colebrook on a' series of 32 men evacuated from Dunkirk In 
oui expeiience, it has been the most efficient agent foi clearing up infected 
bin ns so fai available 
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The same method has been used many times m the treatment of fresh 
burns The most extensive burn m which we have used this method is shown 
in Figures 3 and 4 In this case sulfathiazole was employed (Rufus Dixon) 
The sulfonamides aie being prepared in a number of different vehicles 
Straight lanolin or vaseline bases are unsuitable because sulfonamides are 
not oil soluble Jelly bases, such as tragacanth, which contain water, aie satis- 
factory, though this material may not be available because it has come from the 
Far East Emulsions of oil droplets m water are fairly satisfactory bases, 
such as aquaphor, while emulsions of water droplets m oil are not lecom- 
mended Pickrell has developed a new type of base during the past two years 
at Johns Flopkms His preparation consists of a 3 per cent solution of 
sulfadiazine in an 8 per cent aqueous solution of triethanolamine This 
solution IS sprayed on the burn after debridement and dried After repeated 
and frequent sprayings a thin transpaient film forms over the burned surface 
which becomes diy Excellent lesults have been obtained with this method 
Its chief diawback is that it takes considerable time to obtain a dry film, often 
nearly 24 hours 

With the use of any of the sulfonamides on a large burn considerable ab- 
sorption takes place The amount of the absorption is dependent to a degree 
on the solubility of the diug, so that higher blood levels are apt to be obtained 
with sulfanilamide than with sulfathiazole Hooker and Lam have reported 
levels as high as 33 mg per cent following the local use of sulfanilamide 
Nevertheless, sulfanilamide reaches much higher concentrations on the burned 
surface than do any of the other drugs In these concentrations it is active 
against staphylococci and as it is perhaps the least dangerous of the sul- 
fonamides, many persons regard it as the drug of choice for local application 
The fact that it can be crystallized in granules, like sugar, prevents the caking 
which sometimes occuis with sulfathiazole powder The sodium salts of 
sulfathiazole and sulfadiazine are soluble, but they are too alkaline for local 
application 

If Pickrell’s method is used, the dry film becomes impermeable so that 
absorption of the diug ceases within one or two days Sulfadiazine may be 
supplied to the area by way of the blood stream after this time by giving the 
drug orally in doses of 4 to 6 Gm per day 

If sulfathiazole or sulfadiazine therapy is used it is most impoitant to main- 
tain a urine output of at least 1000 cc If this is not achieved the drug should 
be stopped or at least used with gieat caution 

A number of men have recommended the routine use of sulfonamides by 
mouth after all important burns The possibility of toxic hepatitis should 
be kept in the mind because liver damage occurs after most serious burns and 
It IS conceivable that such damage would predispose to liver damage due to 
sulfonamides Apparently, this does not occur with much frequency among 
young individuals but caution should be employed in patients who are aged, 
and probably in chronic alcoholics as well Toxic hepatitis rarely if ever 
occurs following the administration of sulfadiazine 
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Davidson originally maintained that one of the advantages of the tannic acid 
method was that it stopped the local loss of plasma from the burned surface 
Numerous studies have shown that the major poition of the lost plasma goes 
into the tissues and is evident clinically in the form of edema under and 
about the burn, neveitheless the bleb fluid in second-degree burns often con- 
tains 5 to 6 per cent of protein and is piobably veiy similar to plasma There 
IS no question but that bums tieated by open methods, such as sulfanilamide 
powdei and vaselined gauze, continue to weep laige amounts of fluid so that 
the diessings are often satuiated each day If ample plasma is available this 
may not be a seiious disadvantage, but wherevei a large numbei of bums occur 
together and the available plasma is limited in amount, a method that rapidly 
tans the weeping areas may permit the saving of more plasma and hence of 
moie lives than the open methods 

Of the other methods of local treatment little can be said A return to 
the use of the bath-tub supplemented by careful cleansing and compiession 
dressings has given excellent results in the hands of Koch, in Chicago Some 
of the British wi itei s advocate the use of saline compresses alone The most 
ladical development in bath tieatments is the Bunyan Stannard envelope 
This is a waterpioof oiled silk envelope, made m various shapes so as to 
loosely encase a limb oi a zone of the trunk The end, or ends, of the bag aie 
cemented to the skin and the space between the skin and the bag filled with 
saline oi weak sodium hypochloiite solution, and iriigated In some instances 
continuous irrigations have been carried out and in otheis iriigations have 
been used at intervals and the bag inflated with an or oxygen between times 
Dilute sulfonamide solutions can also be employed in this way These envelopes 
have the gieat advantage ovei the old continuous tub tieatment, in that they 
segregate the burned aiea from other contaminated parts of the body The 
mechanical difficulties of keeping the seals waterproof aie obvious 

Triple dye preparations have been used extensively both in this countiy 
and abioad They apparently occupy an intermediate position between die 
strongei tanning agents, tannic acid and silver nitrate, and the sulfonamides 
and ate considered less destructive to tissue than the foimer but more destruc- 
tive than the latter Triple dye does produce an eschar but it forms more 
slowl)'- than with lo per cent tannic acid or lo pei cent silvei nitrate 

The effect of both local and general measuies on the toxemm of burns is 
srill a mattei of conjectuie It is known that liver necrosis and many of the 
othei changes may be produced merely by shock due to blood loss Under 
these circumstances the necrosis is attributed to anoxia and to the fact that 
the liver cells are very sensitive to oxygen want However, in a number of 
the patients studied at the Pennsylvania Hospital, liver function tests gave 
evidence of severe liver damage, even in patients who were never severely 
shocked clinically All patients in which these tests were carried out gave 
some evidence of the impairment of liver function 

This, coupled with the observation that the changes in liver function 
begin about the time that the edema fluid is being reabsorbed from the burned 
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areas, inclines us toward the belief that the changes are due to absorption of 
toxic materials 

Because the hvei apparently suffers so acutely in burn toxemia, treatment 
has been aimed mainly at pi eventing liver damage and providing supportive 
treatment designed to facilitate liver repair It is obviously important to 
prevent stagnant anoxia and to give sufficient plasma to maintain the circula- 
tion clinically fiom the earliest possible moment Glucose should be given 
parenterally until the patient can retain food, when a high carbohydrate, high 
protein diet (Ravdiii, Yars, and Goldschmidt) should be given in sufficient 
quantity to covei the basal caloric requirement with a 50 per cent excess 
Reasons have been advanced for the administration of vitamin C and of 
thiamin chloride and a liberal vitamin intake should be assuied The early 
claim that tanning fixed the toxic materials in the tissues has neither been 
proved nor dispioved The counter claims that the liver necrosis was due to 
the absoiption of tannic acid has not been confiimed 

The most impoitant new factors in the late treatment of burns are un- 
doubtedly the Padgett deimatome and the sulfonamides Small quantities of 
sulfanilamide ciystals do not pi event giafts from taking and do minimize in- 
fection dm mg the interval pi 101 to the fiist dressing A burned patient is 
nevei leally safe from bacteiial invasion until epithehzation is complete and 
seal tissue continues to form m gianulating aieas until an epithelial covering 
IS obtained With the cahbiated thickness giaft and a field piepared earh'^ 
with the use of sulfonamides, epithehzation can be accomplished earlier and 
the end results are much less disfiguiing than has been the case with pinch 
grafts 


CONCLUSIONS 

In conclusion, we may list the moie impoitant lecent advances in the treat- 
ment of bums 

(1) The selection of plasma transfusions for treatment of burn shock 

(2) A realization of the extent, the lapidity of onset, and the duration 
of the plasma loss and of the advantage of gradual but quantita- 
tive replacement 

(3) The use of sulfonamides in the pievention of infection, especially 
of sulfanilamide for local application and of sulfadiazine foi oral 
administration 

(4) The development of the deimatome foi covering the thud-degree 
areas soon after granulations become visible 

(5) Recognition of the importance of nutrition in maintaining the pa- 
tient with extensive thud-degree burns 
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DUTIES OF A SURGEON 

“Chirurgton, looks to the wounded, and winde up the slame, with each 
a bullet or weight at their heads and feet to make them sinkc and give them 
three gunnes for their funeral Swabber, make cleans the ship Purser, record 
their names Gunners sponge your ordnance Soldiers scour your pieces 
Carpenters, about your leakes Boatswaine and the rest, repaire sails and 
shrouds, and cooke see you observe the morning watch Boy fetch my 
cellar of bottles Master lay him inboard, loufe for loufe Midshipmen, see 
the tops and yards well manned with stones, lire pots, and brass bales ” 

— Capt John Smith, “Seamen’s Grammar” (1652) 
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THE LOCAL TREATMENT OF THERMAL BURNS'^ 

Henby N Harkins, M D , Ph D 
Detroit, Mich 

FBOM THE DIVISION OF GENERAL BCHQEBY, HENRY FORD HOSPITAL, DETROIT, MICH 

The local treatment of thermal burns is of great importance during 
wartime Its correct application depends, however, as much on the correct 
observation of certain general principles of burn management as on the choice 
and use of some particular remedy Local treatment is most effective when 
scientifically applied 

One of the most important of the piinciples guiding the use of local theiapy 
is the principle of correlation with general treatment Pack and Davis (1930) 
stated m this regard that in bums it is “penny-wise and pound-foolish to con- 
sume invaluable time in applying perfect local dressings, while the patient is 
sinking into irrecoverable shock ” The obvious advantage of coordinating 
the local and general treatments does not imply, howevei, that all local ther- 
apy should be postponed until general measuies have been completed Several 
years ago patients were treated locally with scant regard for general lem- 
edies , now the pendulum has in many instances swung too far the other way 
While It may not be wise to radically debride a severely burned patient until 
shock IS controlled, a few early and intelligent applications to the burned sur- 
face may not only prevent later infection, but actually diminish the progress 
of shock and associated fluid loss 

The general treatment of burns (Lam, 1941 ) includes the control of shock, 
toxemia and sepsis The general treatment of burn shock, m turn, involves 
the use of empiric and symptomatic remedies such as morphine, waimth, and 
vasospastic drugs, as well as (and probably much more important) the use of 
plasma (or whole blood), oxygen, and possibly adrenal coitical extiact The 
control and lestoration of fluid loss is undoubtedly the cornerstone of all shock 
tieatment It is only recently that the work of Lee and his collaborators 
(Elkmton, Wolff and Rhoads) has put the treatment of burn shock on a 
quantitative basis This work of the Pennsylvania Hospital group has estab- 
lished the general treatment of burns as a relatively exact science, just as 
Davidson (1925) improved the local management 

Aside from the all-important principle of correlation with general treat- 
ment, several other rules should guide the local therapy of burns These in- 
clude (i) Principle of regional variation (2) Principle of time (3) Prin- 
ciple of closure of the wound 

The principle of i egional variation implies that not all portions of the body 
when burned respond in the same manner to the application of medicaments 
A specific example of this is the current wave of prejudice against tanning the 
face and hands This feeling is especially prevalent in Great Britain and is 
even had by those who favor tanning other regions of the body It is quite 
probable that tanning is not the best method of local treatment for burns of 
the face, hands, genitalia, perineum and flexor creases of the body 

* Read before the New York Surgical Societj, March ii, 1942 
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The pnnaple of Hme implies that what may be an adequate treatment six 
hours after a burn is not suitable 6o hours following the injuiy Conti anwise, 
the fact that ceitam treatments are suitable for old burns {eg , continuous 
saline baths) does not imply that they are ideal for acute cases in which shock 
may be piesent This same principle works in other branches of surgeiy, e g , 
the time limit of closure of a compound fractuie or the removal of a ruptured 
appendix, and is likewise modified by other factois than time alone Since 
tannic acid seals ovei thermal wounds, it seems logical that much the same re- 
strictions on Its use should be adopted as for piimary suture of traumatic 
wounds The general appearance of the bum is an influencing factor as well 
as the time after the injury, but it would be a good aibitiary rule to adopt 
never to apply tannic acid without some good leason after the first 24 hours 
It IS certainly tiue that in ceitain cases tannic acid may be used on old gianu- 
latmg wounds, as, foi example, bedsores, but these should be selected with 
caution and the degiee of tanning obtained is often a disappointment In 
Gieat Britain theie has lecently been a discussion concerning the meiits of 
late tanning and letanmng of burns Mitchiner (1940) stated “If sepsis 
occui red the eschar should be removed at once and the area retanned ” 
Cohen (1940) and Ross and Hulbert (1940) advised late tanning Heggie 
and Heggie (1940) treated several infected burn cases by cleansing and re- 
tannmg, using silver nitrate as the antiseptic Hamilton Bailey (1938) stated 
that tannic acid can safely be used up to 72 hours after a burn, but Murless 
(1940) believed there are no time limits, and he applied tannic acid followed 
by weak methylene blue or brilliant green solution even on old infected burns 
Muiless stated that pus formation is not an indication for removal of the 
coagulum 01 even foi incising it He believed that the mechanism of the 
beneficial action is much like that of the Orr treatment of fractures applied 
by Trueta for infected wounds m Spam Cohen (1940) and Atkins (1940) 
arguing from experience gamed in the evacuation from Dunkirk, also per- 
mitted late tanning These ideas may have some merit, but seem much like 
a reversion to the old sophistry of laudable pus 

The principle of closure of the wound will be further discussed under the 
head of skin grafting It merely involves the piompt grafting of any gianu- 
latmg surface An arbitrary rule might be made that grafting should be done 
whenever a granulating surface resulting from a burn is moie than 5 cm in 
diameter or looks as though it would take more than three additional weeks 
to heal Exceptions to this 1 ule should be few The mistake of grafting too 
little or too late is far more frequent than the reverse No conscientious sur- 
geon would think of doing a cholecystectomy if he did not know how to close 
the abdomen, but many physicians attempt the care of third-degree burns who 
do not know eithei how or when to graft The responsibility of the man who 
first takes care of a deep burn does not end until the surface is epithehzed . 
that IS, until the principle of closure of the wound has been observed 

METHODS OP LOCAL TREATMENT 

The local treatment of burns is at present m a state of flux Those who 
have felt secure m the use of tanning or other standard therapies are beginning 
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to feel the impress of the newer sulfonamide methods Recent international 
developments have increased both the impoitance of burns and the necessity 
for a prompt, even if not final, standardization of tieatments for use during 
the peiiod of emeigency In a recent publication (1942) the author discussed 
over a hundred local treatments of burns Local treatment has also been 
reviewed by Penbeithy and Weller (1939), Harkins (1936-1938), and Mc- 
Clure and Harkins (1942) In the piesent discussion, seveial of the more 
important or novel groups of these treatments will be discussed It is only 
by a survey of the piesent methods at hand that guidance in the choice of 
future therapy can be had Fuithermore, as brought out m the discussion of 
the principles of regional variation and of time, it is of advantage for the 
surgeon to have moie than one method of local treatment at his disposal to 
fit the peculiarities of the particular case at hand 

(1) Tanning agents — These include tannic acid itself in the foim of a 
spray, jelly, powder, 01 both, tannic acid-silver nitrate, cutch extract, tea, 
ink, ferric chloiide (Coan, 1935) , picric acid, aluminum acetate, acetic acid, 
and several otheis Some of the last named m this list are more properly 
defined as styptics or astringents than as actual tanning agents Most of 
the others are variants of tannic acid alone or in compound form Tannic 
acid IS a readily soluble, nonmtrogenous, amoiphous powdei obtained from 
Aleppo galls It is only slightly antiseptic and is readily contaminated in 
solution, but 111 powdei form lasts indefinitely when kept protected fi om light 
and moisture On application to a burn sin face it forms a white precipitate 
with the proteins of the exudation from the weeping epithelium Tannic acid 
was used by Davidson (1925) as a means of controlling toxin absorption, but 
whether this or prevention of fluid loss is its chief action is as yet undecided 
Tannic acid may be combined with various antiseptics such as 

U) Mercuric chloride 1-2 000 (Mitchiner 1938) 

(2) Acriflavine i-i 000 (Wilson 1934) 

(3) Merthiolate i-s 000 (Noland 1938) , i-io 000 (Martin 1938) 

(4) Dettol i-s (Clark and Cruikshank 1935) 

(5) Salicylic acid i-i 000 (Fantus and Dyniewicz 1937) 

(6) Hexyl chloro m cresol i-i 000 (Hartman and McClure 1938I 

(7) Sulfonamide dru( s 

The use of sulfonamide drugs in combination with tannic acid has coii- 
sidei able promise 

Tanning agents have the advantage of lapid action with minimum subse- 
quent nursing care Usually a 5 per cent solution is advised, but for war use 
a moie rapid tanning is helpful and for this purpose either a moie concentrated 
solution (20 per cent) or combination ivith silver nitiate (Bettman method, 
1935) IS suggested Since the accouterments of the spray technic are best 
restricted to hospital use, application of a water soluble tannic acid jelly is an 
advisable first aid remedy The use of such a jelly will not interfere with 
subsequent tanning in the hospital and m addition despite its slowness will 
often have effected an adequate eschar by the time the hospital is reached, 
obviating the need for subsequent additional tanning 

The importance of repeated painting of the edges of the tanned eschar with 
various antiseptics has been emphasized in reports of war surgery coming from 
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Great Biitain Butlei (1940) advised a watei soluble tannic acid jelly, then 
an 85° to 100° F tannic acid bath for 30 minutes, after which 10 per cent 
silvei mtiate is applied A heat ciadle kept at 85° to 90° F is then put over 
the patient and the maigins aie painted thiee times daily with i per cent 
gentian violet solution Wallace (1940) painted the edges of his burns daily 
with gentian violet 01 aciiflavme Heggie and Heggie (1940) cleansed and 
letanned seveial infected cases wuth good lesults, especially wdien the mai- 
gms w'eie lepeatedly painted wuth antiseptic dyes In the treatment of war 
burns Cohen (1940) used 5 pei cent tannic acid followed by 10 per cent silver 
nitiate to pioduce lapid tanning Foi face burns he applied a little petroleum 
jelly to the eyelids and held cotton wmol over them duiing application to 
protect the eyes He repoited that burned aieas are usually infected fiom the 
adjacent skin and that the sti eptococcus is the commonest type of mvadei 
Biilhant gieen w^as found to be paiticulaily effective in pi eventing such in- 
fections, and in his senes, he painted the edges of tlie tan daily wnth i per cent 
brilliant gieen m 30 pei cent alcohol This w'as of special impoitance for 
bums of the scalp, foiehead and neck By caieful attention to this legimen 
he was able to keep the scabs on these regions absolutely diy m all cases but 
two In his senes of 70 cases, 37 w^eie treated by the silver nitiate-tannic acid 
method wuth no deaths The othei 33 w^ere treated by either methyl violet 
or tannic acid befoie admission, wuth tw'o deaths, one soon after entrance and 
one four days later 

The previous application of greasy 01 oily piepaiations maikedly intei- 
feres wnth subsequent tanning tieatment Benzene, ethei, soap, and ether 
soap (Fantus, 1934) aie useful cleansing agents In waitime, howevei, most 
of the bill ns wdiich ai e contaminated with gi ease ai e 1 eceived m naval actions 
and inflammable detei gents are not desirable on board ship To get around 
this difficulty, the British have used a compound known as red tuikey oil 

(2) Dyes — The fiequent occuirence of streptococci 111 bums aftei the first 
12 to 24 houis IS w>'ell known and has been substantiated by the researches of 
Aldrich (1933) and Claik and Quickshank (1935) Moorhead w^ent so far 
as to define a burn as “an infected wound caused by heat” Aldrich intio- 
duced the gentian violet treatment in 1933 at the suggestion of Firor to com- 
bat this streptococcal infection The use of gentian violet alone or in com- 
bination with aciiflavme and biilhant gieen m the foim of the so-called triple 
or compound dye presents the advantages of antiseptic action and lack of pos- 
sible destruction of skin islands On the othei hand, its slow action and 
staining properties rendei it less useful foi combat purposes However, in 
combination with silvei mtiate it presents piactically the same merits as the 
combination of tannic and silver mtiate 

The triple dye of Aldrich (1937) bas the following piesciiption 

Gm vel cc 


Crystal violet 45 oo 

Neutral acriflavme 22 50 

Brilliant green 30 00 

Water to make 3000 00 


(3) Sulfadiazine spiay — As advocated by Pickrell (1941) this is given 
every hour the first day, every two hours the second day, every three hours the 
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third day, and every four hours the fourth day This complicated regimen 
alone argues against wartime use of the method In addition, the resultant 
eschar is so thin that second-degree burns are apt to be painful and trans- 
portability of all types is interfered with This may be the treatment of the 
future, but at present is not established well enough foi general adoption 

(4) Ointments — These include those containing sulfanilamide, sulfa- 
thiazole, sulfadiazine, or cod liver oil The author has had most experience 
with sulfathiazole and cod liver oil, although sulfadiazine may be better The 
chief use of these ointments would seem to be on the face, hands, feet, and 
genitalia On the extremities, they may be used m the form of pressure diess- 
ings 

(5) Oiled silk (Bunyan) envelopes — These aie chiefly useful in the later 
stages of burn treatment, although in deep bums of the hands they may be 
applicable early The envelopes combine the advantages of the bath method 
popularized by the Vienna school of dermatologists. Rose of Seattle (1936, 
1937), and by Blair and Brown and their associates (1931-1938), as well as 
of the warm moist air treatment of Smith, Risk and Beck (1939) While the 
original method described by Bunyan (1941), and used by Hudson (1941) and 
Hannay (1941 ), requires iingation with a special electrolytic solution of sodium 
hypochlorite, this is not essential and the principle of the envelope is the 
same uhen saline 01 Dakin’s solutions are used It is important that the tem- 
perature of the solution be as close as possible to 100° F Variously shaped 
envelopes can be made to fit different parts of the body leqtiinng tieatment 
Bunyan reported favoiably on use of the method m 200 cases of burns and 
wounds while Hudson (1941) reported on 27 cases of burns alone Wakeley 
(1941) lists the following advantages of the Bunyan envelope method in the 
treatment of war burns 

( 1 ) It can be easily and quickly applied 

(2) The treatment is painless, there are no dressings, and the patients do 
not lose confidence or become depressed 

(3) Rapid epithehzation takes place and can be seen through the envelope 
Skin grafting can be performed at any time after irrigation with saline solution 
instead of hypochlorites 

(4) The envelope allows of fiee movement of the limb without the fear of 
pain 

(5) In the difficult cases wheie fractures exist as well as bums, this 
method appears to offer a solution Treatment of ordinar}’- compound frac- 
tures has proved successful 

THE IMPORTANCE OP EARET SKIN GRAFTING 

Third-degree burns are by definition those which produce granulating 
sui faces As already stated under the discussion of the principle of closure of 
the wound, early grafting is one of the most neglected fields in burn treat- 
ment A psychologic anxiety should be bred in all surgeons over every extra 
day that such a wound remains unepithelized Keloid, contractures, malig- 
nancy and increased unsightliness are all more liable to occur with delayed 
healing 
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Geneial caie of the patient with control of anemia and hypoproteinemia are 
essential Efforts should be made to hasten spontaneous healing, but as Brush 
and Lam (1942) recently repoited, the application of external stimulants of 
epithelial piohfeiation aie of moie psychic than mateiial benefit Saline soaks 
and diessings, cod livei oil, acriflavine, oxyqumolme sulphate scarlet R gauze 
(Bettmaii, 1931), and sulfonamide drugs all have their place in this phase of 
the treament 

Skin giafting itself should depend on small deep (pinch) giafts, thick split 
(Thiersch) giafts, and deimatome giafts Of these, the third type is used 
almost to the exclusion of the othei two 111 the author’s practice and will be 
desciibed moie 111 detail below Full-thickness and pedical grafts have no place 
m the early plastic care of bums and should be reserved for subsequent cor- 
lective and lestoiative late plastic care This latter is done when epithehza- 
tion is complete 

The technic of taking and applying deimatome grafts can be divided into 
12 steps which embody piinciples laid down by Blair, Brown, Davis, Padgett, 
Harkins, and then associates, as follows 

(1) Pi eopo ative Pi epaiahon of Gi annlatmg Aiea — The best immediate 
piepaiation is to apply saline diessings for at least 24 hours just before opera- 
tion Decision as to the tune foi giafting depends moie on the presence of 
(a) a healthy pink appearance of gianulations, (b) lack of anemia, and (c) 
lack of hypopioteincmia, than on any bacterial counts 01 other indiiect obser- 
vations 

(2) Piepaiation of Donoi Site — The skin is cleansed with ether fol- 
lowed by alcohol and painted with the special adhesive glue which is allowed 
to dry foi about 60 seconds before taking the giaft The use of ether is im- 
portant as the glue will not adhere to a greasy surface 

(3) Anesthesia — Because of the large surfaces involved and because the 
grafts are usually sutured in place, gas anesthesia is generally adopted 

(4) Removal of Grafts — If the granulating area is the size of the drum 
surface, one drum of skin is taken If the desired graft is to be smaller, only 
part of the drum is coated with the special adhesive glue If a much larger 
area is to be covered, several drumfuls of skin are taken and are either applied 
individually, or better, sutured togethei in the pattern of the defect to be 
grafted after the manner of a patch-work quilt according to the method of 
MePheeters and Nelson (1941) In any case, the adhesive glue is best ap- 
plied to the drum m a thick layer at one end and smoothed over the drum 
111 as thin a layer as possible using the base of the dermatome stand to dis- 
tribute the glue The drum (with the knife set at about 0 6 Mm thickness 
(less for children or those with atrophic skins) is held in the left hand and 
the knife in the right Two practical points are to press the upper end of the 
drum very firmly against the skin where the cutting is to begin, as a good 
start IS essential, and net to allow any assistants to retract the skin as this 
merely pulls it away from the drum and is harmful Gradually turning the 
drum with the left hand and cutting backward and forward with the right, a 
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graft the size of the drum surface and of uniform thickness is quickly obtained 
m a majority of the cases 

(5) Di essing Doiwi Site — Five grams of sulfanilamide powder are sprin- 
kled evenly ovei each area 4^7 inches (equal to one dium surface) and this 
is covered with sterile fine-mesh vaselined gauze followed by dry gauze and a 
tight adhesive tape di essing 
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Tig I — Example of neglected burn This boj Mas burned 27 
months before this picture ms taken and he uas ne\er grafted dur 
ing all of this time This neglect of the principle of closure of the 
uoiind has resulted in a serere condition including bonj ank>losis 
of the right elbow and left temporomandibular joints, ectropion of 
the right ej e w ith tearing and a web deformitj of the neck not 
shown in this picture Subsequent plastic care impro\ed this patient 
markedlj hut not so much as it would haae, if applied earlier 
(Trom Harkins H N The Treatment of Burns, Springfield, 111 , 

Charles C Thomas, 1942 ) 

(6) Tiansfc) of Giafts — This should be done aseptically when more than 
one graft is to be taken During the tiansfer, the graft should be kept moist 
with warm (not hot) normal saline solution 

(7) P) epai ahon of the GiamtIaUng Suiface — Gianulations are seldom 
shaved off a bum gianulating surface that is less than three months old Since 
the ideal of treatment is never to let such a surface go as long as three months, 
it might be said that to have to shave off granulations means previous neglect 
The skin around the surface may be covered with any antiseptic, but the 
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gianulations themselves should be gently cleansed with ether alone If they 
aie at all infected, sulfanilamide powder (not sulfathiazole, as it tends to act 
as a foreign body) ma}'’ be dusted veiy evenly over the granulating suiface 
This should be done m a dosage of i Gm pei ten squai e inches and it is essen- 
tial that the coating be moie homogeneous than that ovei the donor site The 
gi afts ai e then applied epidermal sin face upwai ds on the sulfanilamide layer, 
01 if this duig vas not deemed necessaiy, dnectly on the granulations 
themselves 



Fig s — ^Example of neglected burn This girl, age i8, was 
burned 14 jears previousl) at the age of four She was never 
grafted and ulcers of the upper right thigh are still present 

( 8 ) Suturing of Giajts — All dermatome giafts should be sutured in place 
with fine non-absorbable material A cii cumferential ring of continuous 
suture interspersed with several double-locks oi inteirupted stitches is ad- 
visable for the periphery of the graft The edge should just overlap the sur- 
rounding live skin, while an excess of graft mei ely dies and invites infection 
The graft should be applied with the tension and size as near as possible like 
that which it had before being removed from the donor area The bed of the 
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graft may be sutured through the granulations to the fascia beneath with 
numerous interrupted stitches or criss-crossing continuous ones These latter 
are especially useful when the graft covers a convex surface, as the thread 
between the stitches holds the graft in place If enough sutures are placed, 
very few fenestrations need be made m the graft, as the needle holes permit 
escape of blood or exudation 

(9) D7 esstng Grafted Aiea — The importance of this step is shown by the 
following quotation fiom Brown, Blair, and Byars (i 935 ) “The dressing 
fixation IS considered a part of the operation and upwaid of 30 minutes may be 
required to apply it correctly m extensive cases ” The use of a wet dressing is 
useful in infected cases In any instance the graft is covered with fine mesh 
vaselined or xeroform gauze (a little sulfanilamide may be sprinkled on first) 
and this is covered with a generous layer of cotton mechanic’s waste (Me- 
chanic’s waste IS easier to handle and cheaper than sea sponges, costing only 
12 cents a pound) The waste should be autoclaved before use, and gives a 
very uniform pressure The dressing should next be anchored with elastic 
adhesive to the surrounding skin and if possible a splint or encasement applied 
Too much pressure is almost worse than too little and should be avoided, but 
adequate immobilization should be maintained for several days The fate 
of a skin graft is sealed during the first 48 hours In cases with marked in- 
fection at the time of grafting an optional method is to incorporate perforated 
Dakin’s tubes in the dressing Twice daily irrigations with two quarts of 
saline solution (or tap-water) followed by the instillation of two ounces of 
sulfadiazine solution seem to be effective in controlling infection External 
irrigation by constant drip as described by Harkins (1942) accomplishes the 
same purpose 

(10) Changing the Dressing of the Donoi Site — If no infection, as de- 
termined by odor, or hemorrhage results, the dressing should ideally be left 
intact until the area is healed In many cases, however, the outei dressing 
should be exchanged for a dry fresh one during the first day or so, but the 
vaselined gauze should not be removed as long as it adheres (usually 12 to 14 
days) 

(11) Changing the Diessing of the Recipient Site — This should be done 
at any time from three to eight days following the operation, depending on 
the amount of infection that is present When the change is decided upon, 
it IS best to soak the area for some hours beforehand so as to prevent sticking 
and pulling off of the grafts Since the donor site must be kept dry, complete 
tub immersion is not feasible and some type of irrigation or drip is advised 
Thus, if the dressing is to be changed in the afternoon, the nurse is instructed 
to start the drip m the morning When the time comes for the change, the 
danger of pulling the grafts off with the dressing is minimal Irrigation 
through Dakin’s tubes incorporated 111 the dressing accomplishes the same 
thing The stitches may be removed m part at the first dressing although any 
adherent sutures should be left until at least the seventh postoperative day 
Subsequent dressings do not need pressure but can utilize vaselined gauze, 
sulfanilamide powder, and moist gauze or irrigations with advantage 

(12) Aftet -Cai e — Once the dressing of the recipient site has been changed, 
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renewals at about 48-hour intervals are necessary until the skin has become 
firmly established, at which time the bandage may be removed entirely 

When the surface is epithelized and the principle of closure of the wound 
has been fulfilled — ^then and only then — ^the responsibility of the surgeon 
originally caring foi the burn ends 

COMMENT 

For wartime use, simplicity and rapidity of action are essentials of burn 
treatment The ideal treatment would piobably be the best under all cir- 
cumstances, but at piesent it is possible that the methods of burn treatment 
most suitable in the leisurely couise of peacetime practice are not necessarily 
best fitted to the urgency of war A rapid tanning of the broad surfaces of 
the body seems best fitted to the latter 



Fig 3 — Simple type of external dnp used in local care of burn or skin grafts (From 
Harkins, H N The Tieatment of Burns, Springfield, III , Charles C Thomas, 1942 ) 

Since It IS extiemel) difficult to deteimine the exact depth of injury until 
late in the course of a burn, even when viewed by experts under the best of 
conditions, theie is little use m recommending wartime determination of burn 
depth in deciding upon burn treatment On the other hand, the site of the 
bum IS of considerable significance m this regard Tanning methods seem 
less well suited to the face, hands, feet and perineum than do certain of the 
ointments 

Several problems and details of technic arise which are listed below without 
comment 

(1) What IS the longest possible mteival after a burn that tanning therapy 
can be applied under optimum conditions^ 

(2) What percentage of plasma loss does tanning pi event ^ 

(3) Assuming that the mam purpose of the tanning method is to conserve 
plasma, if plenty of plasma is available, is tanning still advisable^ 

(4) Is tannic acid toxic ^ 
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NUMMARY 

( 1 ) Local treatment should be carefully correlated with general treatment 

(2) Rapid tanning of the large flat surfaces of the trunk or proximal 
extremities seems the best local treatment for wartime use Preliminary first 
aid use of the slower acting tannic acid jelly may be time-saving m the long 
run when hospital facilities are not available 

(3) Individualization of burn therapy according to the site of injury is 
of importance The face, hands, feet and genitalia should be given separate 
treatment, such as sulfathiazole or sulfadiazine ointment 

(4) Early skin grafting is of prime impoitance m all third-degree burns 
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THE PROCXJHEMENT AND USE OF BLOOD SUBSTITUTES 

IN THE ARMY* 

Major Douglas B Kendrick, Jr , M C , U S Army 

Washington, D C 

rnOM THE DEPARTMEIiT OF HUBGICAL PHISIOLOQI, ABM\ MEDICAL SCHOOL, WASHINGTON D C 

The researches that have been conducted to find an effective means of 
leplacing depleted circulating blood volume m traumatic shock have provided 
one of the most intriguing chapters in modern medicine The developments 
in the field of transfusion therapy in recent years have had a marked influence 
on the practice of civilian and military surgery 

The contributions of Crile/ Robertson,- Cannon, ^ and Keith-* preceding 
and during World War I firmly established the use of the blood transfusion 
as a safe and effective measure The continued use of whole blood trans- 
fusions in civilian hospitals and fixed medical installations m the Army is 
assured However, the limitations of whole blood and the difficulty of obtain- 
ing it immediately when needed have stimulated a peisistent search for other 
fluids which might be equally as effective and more readily available than 
blood m the treatment of surgical emergencies The desire to provide an 
adequate blood substitute is i effected m the researches on gelatin and acacia 
cairied out by Hogan,® and Bayhss,® respectively, during Woild War I 
The realization of the need for effective replacement fluids othei than 
whole blood was revived in 1936 by ElliotU when he pioposed the use of 
untyped plasma for the tieatment of obstetrical and suigical shock Renewed 
impetus was given to this subject with the beginning m 1938 of hostilities in 
Europe This unprovoked conquest forcefulty brought to the attention of oui 
Army and Navy the necessity of pieparmg for any eventuaht) 

In May, 1940, the National Research Council was asked by the Surgeons 
General of the Army and Navy to act in an advisory capacit}’’ on the many 
medical problems that might arise m the eventuality of active conflict As a 
lesult of this request, a Committee on Blood Transfusions and a Subcom- 
mittee on Blood Substitutes were appointed to study the problems confronting 
the armed services in selecting and procuring adequate quantities of suitable 
blood substitutes and blood derivatives 

The clinical and experimental work of Elliott,® Stiumia,® Mahoney,*® and 
Levinson,** to mention only a few, foituitously done between 1936 and 1940 
strongly suggested the possibility of using blood plasma and serum, and thus 
paved the way ico the adoption of these agents as adequate replacement fluids 
for the treatment of shock, burns and the emergency ti eatment of hemorrhage 
As a result of investigations on blood procurement, preservation and trans- 
portation of whole blood,*- methods of pieparation of dried plasma and 
serum,*® and the commercial facilities for producing plasma in large quantities. 
It was concluded by the Subcommittee on Blood Substitutes that dried plasma 
Read before the American Surgical Society, Cleveland, Ohio, April 6-8, 1942 

1152 



'■'2 ? 2,”i 

.rsstfS”-:: ,«:« 


fliedica/ y n ^ 

^ ''' -^e/d f ' 





V„ 


i 


+. 




n fUma etmtJl 9d tM Wt 

^m freg»— »J *«« y<*W 0tial d 

*1 mJotfhw 4 Jo«n ^nrvlt^ hf ©< 


jimriru flW C 



V 

/ 

'■’'''« M.nj„^ ' / j 

feste'"'' ""'»eXVr'"’'«>°«s e ' J 

'"» » . ,. . ■" 

■jn^ pf “" 222 '''’' 222 '' 22 ,,, '' f«pt= 2 p 2 ''‘’‘^ pp 

^oiujcL^J^^yy^o'^ PuipoJ^ 

"7i2pS:2-£/:;r^ 

Th.^on of ^ t/ 7 at fr ^ r/ 

of f/je^, %ec/ j;j ^ ®^oppe^g ^^^sists of f 

t/ie Of] ■'^ a ia/jp/ ^^®'®ea 7 ec/ , ^«fiav ^°o cc ^ 

|2 c£- 2,^ 

- ® ^tiif ,„ Oat Jo _ ■^oo^ova/ 

W 53 -.sed J 

for„„ 



MAJOR DOUGLAS B KENDRICK 


Annals of Surgery 
June 1942 


are filled out properly and sent in foi filing, it is possible to compile valuable 
statistical data on the use of plasma 

Keys, spot-welded to the top of each can, aie piovided foi opening them 
The can, containing the dried plasma bottle, has packed with it intravenous 
and double-ended needles and a metal clamp The plasma bottle and can are 
sealed under a 25-inch vacuum to keep out moistui e As an added precaution, 
a hag of silica-gel is placed m the can to adsorb any moisture that may he 
piesent A cloth-tape hail attached to the bottle makes it possible to suspend 
the containei while administering the plasma 



The bottle containing the distilled watei , togethei with the airw ay assem- 
bly and intiavenous set, is sealed in another can which is filled with nitrogen 
This ineit gas is added to preserve the luhhei by reducing oxidation to a 
minimum The intiavenous equipment consists of an intravenous set and an 
an way assembly The airway assembly is made of nine inches of rubber 
tubing with a needle attached on one end for mseition into the rubber stopper 
and a cotton filtei on the other end The intiavenous set consists of 48 inches 
of rubber tubing which contains a glass cloth filtei for filtering the plasma 
as it is administered At one end of the tube is an mti avenous needle attached 
to a glass observation tube and at the othei a short needle \\ Inch connects the 
set to the plasma bottle 

The instructions for the prepaiation and use of this material are htho- 
gi aphed on the can containing the di led plasma 

The plasma is made leady foi use by inserting the double-ended needle, 
provided for this purpose, through the stopper of the bottle containing the 
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distilled watei (Fig 4) The watet bottle is inveited and the othei end of the 
needle is plunged into the stopper of the diied plasma bottle, the negative 
pressin e in this containei causes the water to flow in and the plasma goes into 
solution in about two minutes In older to allow an displacement in the 
water bottle and speed up 1 egenei ation, the needle of the aiiway should be 
inserted into the stoppei of the watei bottle When the watei has been tians- 
feired the double-ended needle is withdiaun fiom the plasma bottle The an- 
way and intravenous set are then connected to the plasma bottle and the 
plasma is ready to be administeied (Fig 5) 

Based upon the 1 ecommendations of the National Reseaich Council, a 
program was outlined foi the collection of blood and the piocessing and 



Tig 4 — Ph‘'ma being constituted Fig s —R econstituted plasma read> 
with distilled water for administration 


drying of plasma The Ameiican Red Cross was asked to furnish volunteer 
donors for this progiam, the Aimy acted as the purchasing agent and con- 
tracts wei e made with eight commei cial biologic laboi atoi les for the pi epara- 
tion of dried plasma 

At the piesent time, the American Red Cross has 18 bleeding centers 
opeiatmg throughout the countiy, supplying approximately 15,000 bleedings 
a week to the piocessing Anns It is anticipated that by July i, 1942, 350,000 
packages of dried plasma will have been deliveied to the Aimy and Na\7' 
As lapidly as the dned plasma packages aie leceived at the supply depots 
they aie placed aboaid combatant ships of the Navy and are issued to units 
of the Aimy going outside the countiy so that they will be readily available 
foi use Because of the urgent need elseuheie dried plasma is not being 
issued to medical installations for use in the United States 
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Approximately 300 reports recording the use of diied plasma in hos- 
pitals in this country and at foreign stations have been returned to the Blood 
Research Laboratory Two-thirds of these units weie administered for the 
prevention and treatment of shock while the remainder were used in hypo- 
proteinemic states Definite improvement was observed m all but four cases 
treated for shock It is appaient fiom these lepoits that when plasma is 
indicated, it should be started as soon as possible The eailiei plasma is in- 
jected after mjuiy, the smaller the amount lequired to oveicome the blood 
volume loss 

No seveie reactions weie encounteied 111 this gioup One patient de- 
veloped urticaria, which was localized, and five had chills, but no temperatures 
above ioo°F were lecorded 

It IS expected that the needs foi dried plasma by the armed services wnll 
be increased by threefold duimg the next fiscal year and therefore the pro- 
gram foi obtaining donors and prepaiing plasma is being supplemented wnth 
the help of the American Red Cross 

In addition to the national program foi the collection and pieparation of 
diied plasma foi use by the aimed services, the Aimy maintains a laboiatorj’’ 
for the investigation and piepaiation of blood substitutes and blood deriva- 
tives This Blood Research Laboiatoij w'as established m Ma}, 1940, at the 
Aimy Medical School, and has opeiated contmuousl) since that time In 
this laboiatoiy, liquid plasma is being piepaied fiom blood collected from 
volunteei Red Cioss donois at the combined Army-Nav}' Donor Centei 111 
Washington This liquid plasma is being used at Walter Reed Geneial Hos- 
pital and shipped unrefiigeiated to outlying station hospitals Dm mg the 
past few months liquid plasma piepaied in this laboiatoiy has been pieserved 
by freezing it in a regular ice cieain chest Pi 101 to shipping, the frozen 
plasma is thaw^ed out rapidly by immeising it in a w^atei bath at 37° C Plasma 
thawed in this manner does not contain piecipitated piotem material The 
thawed plasma can be stored at noimal 100m tempeiature or shipped great 
distances without lefiigeiation This material is aibitiaiily given a foui- 
month dating peiiod from the time it is thawed out Furthei expeiience is 
required to determine how^ much longei this dating peiiod can be extended 
As a result of oui expeiience with liquid plasma, it is conceivable that a 
dating period of one yeai might be placed on the thawed wet plasma 

The plasma processing unit at the Naval Medical Center now is supplying 
thawed wet plasma to all of their medical installations throughout the country 
The plasma unit at the Army Medical School is supplying thaw ed wet plasma 
to the Army hospitals in the Third Corps Area and is now prepared to supply 
the First and Second Corps Areas 

During the past 18 months, about 3,000 bottles of liquid and thawed wet 
plasma have been used locally in the Army and Navy Medical Centers^’^ and 
shipped to service hospitals throughout the United States Questionnaires 
have been supplied with these units and approximately 1,500 have been re- 
turned for evaluation Reactions in this group have consisted of localized 
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urticaria, chills and fever, and, in one case, substernal pain was produced 
The reaction rate in this group is 62 per cent No fatal reactions have 
occurred 

Pioperly piepared liquid plasma is stable in the frozen state and may be 
pieseived indefinitely This method of preservation provides a safe and 
economical method of making plasma readily available to the military foices 
in this countiy When thawed in the manner desciibed above plasma can be 
shipped safely m the liquid state unrefiigerated 

Based upon the expeiience gained duimg the past 18 months at the Aimy 
and Navy plasma centeis in Washington, plans have been made by the Aimy 
to establish liquid plasma processing centers m each Corps Area to supply 
all stations m the area, so that every Army hospital will have access to sup- 
plies of blood plasma Plasma made m these centeis will be piepared by a 
standard technic The medial officers and technicians responsible for 1 mining 
these units will be trained at the Army Medical School and the Aimy-Navy 
Donor Centei in Washington This program is under way now and it is 
expected that within the next few months frozen wet plasma will be geneially 
available to the Army 

Although dried and wet plasma have proved their value as elfective re- 
placement fluids 111 shock and burns, interest m other blood derivatives is 
constantly inci easing One of the more recent developments, the preparation 
of human albumin, is worthy of consideration 

Cohn,^^ at Haivaid, has been successful in pioducing human albumin in 
such form that it can be injected intravenously m the human with relative 
impunity Albumin makes up 65 per cent of the plasma proteins and exeits 
approximately 80 per cent of the osmotic eftects provided by the blood plasma 
It is stable in the liquid form up to temperatures of 45° C and can be prepared 
m 25 per cent solution which does not precipitate or become cloudy on stand- 
ing unrefrigerated for many months 

Human albumin has been accepted by the National Research Council, for 
the Army and the Navy, as an effective blood derivative for the treatment of 
shock and burns It is realized that albumin is not a completely adequate 
replacement fluid when the patient is dehydrated In cases of injury com- 
plicated by dehydration states it is essential that supplemental fluids and 
electiolytes be administeied by mouth or intravenously when albumin is in- 
jected A word of caution should also be said about the use of albumin in 
patients where concealed hemoirhage may be a complication Twenty-five 
per cent albumin draws fluid into the vascular bed rapidly, thereby raising 
the blood pressure in a short time Wounds that are closed while the blood 
pressure is low may bleed following the injection of albumin, producing mas- 
sive hematomata If these occur in the neck, pressure symptoms may result 
Therefore, the wounded patient should be observed carefully after albumin 
is injected to prevent secondary hemorrhage Great care must be exercised 
m the use of 25 per cent albumin in casualties with gunshot or stab wounds 

1157 



MAJOR DOUGLAS B KENDRICK 


Annals of Surgerj 
June 1942 


of the chest or abdomen Wheie gioss hemoiihage is suspected, albumin 
might best be withheld until the laige bleedeis can be tied off 

The possibility of providing an effective replacement fluid m a small 
package has been of tiemendous mteiest to the Aimy and Navy Since too cc 
of 25 pel cent albumin has an osmotic pull approximately twice that supplied 
by the Standard Army-Navy package of dried plasma, it is worthy of con- 
sideration by the military suigeon for use aboaid ship and other places where 
space IS a problem With_ this m mind a containei, with an intravenous 
assembly, for packaging and administeimg albumin has been developed 



Fig 6 — Equipment for ndnunistei mg Jiunnn Fig 7 — Albu 

albumin mm package reach 

for administration 

The package (Fig 6) consists of a 115 cc double-ended vial closed with 
sleeve-type lubbei stoppeis The instiuctions foi piepaiing the set are baked 
on the glass vial A stung 01 cloth tajje bail is jJiovided foi suspending it 
The intravenous assembly consists of a small-boie rubbei tube 40 inches long 
with a connecting needle on one end and a 20-gauge intravenous needle at- 
tached to a small glass obseivation tube on the othei The airway is made 
of a lubber tube one inch long, containing a cotton filter and a connecting 
needle The albumin set may be sealed in a metal can 01 plastic carton under 
nitrogen 

The albumin is made leady foi use b}'^ mseiting the connecting needle 
of the intiavenous set thiough the stoppei at one end and the airway needle 
thiough the stoppei at the other end (Fig 7) 
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SUMMABY 

The progiam foi the collection and use of blood substitutes in the Army 
has been discussed 

A desciiption of the methods of packaging these substitutes to make them 
suitable foi stoiage and for use wherevei necessaiy has been outlined 

The expel lence thus fai gained by the aimed sei vices in the use of diied 
plasma and thawed, I’vet plasma have shown these methods of stoiage to be 
adequate iMthin the limitations outlined m this papei 

It is expected that both blood plasma and human albumin will be made 
available for use by the Ainiy and Navy 
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INTRAVENOUS INJECTIONS OF AMINO-ACIDS 
(HYDROLYZED CASEIN) IN POSTOPERATIVE PATIENTS=*^ 

R Elman, M D , D 0 Weinee, M D , 

AND 

E Bhadley, RN 
St Louis, Mo 

FROM THE DEPARTMENT OF SDRQER'i WASHINGTON GNI\EIISIT\ SCHOOL OP MEDICINE ST LOUIS CIT\, ^ND BARNES 

HOSPITALS ST LOUIS, MO 

In A papeU befoie this Association two 3^ears ago, I described clinical 
experiences with surgical patients who received intravenous injections of a 
mixture of amino-acids (Amigenf) as a means of supplying protein parenter- 
ally Evidence of its beneficial effects, both clinical and chemical, iias ob- 
tained However, the numbei of cases was small and the occasional occurrence 
of untoward reactions seemed to demand a larger experience with this new 
method of mtiavenous protein alimentation Accordingly, a laige series of 
injections weie made on the wards of the St Louis City Hospital We ear- 
ned out all of the injections ourselves except that when one of us (D O W ) 
entered the Medical Coips of the United States Aimy, Drs L V Mulligan, 
T C Tyrell, and W H Elliott substituted foi him All patients receiving 
Amigen were carefully obseived and recoids kept on a sepaiate form At 
least one of us (E B ) was present with the patient dining all injections in 
order to make the observations as complete as possible 


Tabll I 

SUMM\R\ 01 INTRAVENOUS INJECTIONS 01 AMIGEN 


Surgical (Post op ) 

Cases Medical Cases 

Solution Contained 







Number 


Number 

Pyro 



Amigen 

Glucose 

Pre- 

Number 

of Injec- 

Number 

of Injec- 

genic* 


Solution 

(Per 

(Per 

pared 

of 

tions 

of 

tions 

Re 


No 

Cent) 

Cent) 

by 

Patients 

(Liters) 

Patients 

(Liters) 

actions 

Deaths* 

I 

2 S 

10 

M J 

2 

7 

49 

95 

10 

S 

2 

2 S 

10 

M J 

8 

17 

5 

b 

I 

0 

3 

2 S 

10 

B H 

42 

97 

20 

39 

0 

0 

\ 

2 S 

S 

B H 

23 

39 

21 

26 

0 

2 

S 

2 s 

2 S 

M J 

66 

514 

3 

6 

3 

10 

6 

2 5 

2 S 

B H 

55 

100 

IS 

ib 

I 

3 

7 

S 

s 

M J 

2 

36 

I 

II 

0 

0 





— 

— 

— 

— 

— 

■ - 

Totals 




198 

810 

I14 

203 

IS 

20 


No pyrogenic reactions or deaths were due to Amigen (see text) 


Piocedwe — Piepaiatwn of Solutions Amigen is an impalpable, nearly 
white powder which in water forms a clear, amber-coloied solution with a pH 

*Read before the American Surgical Association, Cleveland, Ohio, April 6-8, 1942 
t The amino-acids used were a mixture (containing also some polypeptides) made 
by the enzymic hydrolysis of purified casein and prepared and supplied by Mead-Johnson 
and Company , it is called, and will be referred to as “Amigen ” 
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of 4 5 Various solutions were used in the piesent study Their composition 
IS listed m Table I. In general, two methods were used for sterilization The 
solutions prepared in Barnes Hospital (B H ) weie passed through a single 
Berkefeld filter, autoclaved at five pounds pressure for 30 minutes and used 
soon thereaftei The solutions made by Mead-Johnson and Company (M J ) 
were subjected to caieful Seitz filtiation, but not autoclaved, their sterility 
was carefull)^ tested before use 

As IS Avell known, many febrile leactions with chills aie due to the use of 
distilled water containing pyrogens These pyrogens are products of bacterial 
growth which may occur even in distilled water which is allowed to stand for 
ail)’- length of time either in a container or in some undrained portion of the 
apparatus which is not sterile Fieshlj'- distilled water coming directly from 
the condenser of pioperly designed stills, is not pyrogenic, such water was 
employed m the prepaiation of all solutions used in the present study, with 
one exception The fiist batch used (Solution No i) was inadvertently 
made up with distilled water which was later found to be pyrogenic It is 
notable that ten of the total of 15 reactions, indeed all Avhich could be ex- 
plained 111 no othei way, occurred with this solution This defect was, of 
course, immediately corrected , subsequent solutions were not only made with 
freshly distilled ivatei, but tested for pyiogens by injection into rabbits 

Selection of Cases — No attempt was made to select special cases in this 
study except that most of them were surgical patients The medical and 
surgical diagnoses are listed 111 Table II Nearly all of the patients were 
dehj^drated and ill and needed parentei al fluids , many of them were in a critical 


Table II 

DISTRIBUTION OI CASES 



Number of 

Number of 


Patients 

Injections 

Surgical (postoperative) 



Acute appendicitis mostly with peritonitis 

S2 

2or 

Intestinal obstruction mostly due to cancer 

IS 

119 

Perforated peptic ulcer many with severe peritonitis 

12 

102 

Gastrectomy, mostly for cancer 

7 

8 s 

Exploratory celiotomy, mostly for cancer 

12 

57 

Herniotomy, mostly ventral 

Ip 

67 

Fractures 

39 

6 S 

Cholecystectomy 

» 9 

S3 

Bums 

4 

10 

Miscellaneous 

29 

51 

Totals 

19S 

810 

Medical 



Pulmonary tuberculosis 

43 

56 

Senility 

24 

36 

Cardiac disease and hypertension 

12 

41 

Pneumonia 

10 

19 

Alcoholism 

3 

4 

Arthritis 

7 

12 

Miscellaneous 

IS 

3S 

Totals 

II 4 

203 

Grand Total 

312 

1013 
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condition at the time of injection They lepresented, in general, a fairly 
representative cross-section of the indigent found in a large city hospital 

Rate of Injection — In geneial, an aveiage rate of 300 to 500 cc pei hour 
(about 5 to 8 cc pei minute) was maintained With solutions containing 2 5 
per cent of amino-acids, the amount injected in an hour was, therefore, 
loughly, 8 to 12 Gm If this late were continued for 24 hours, between 200 
and 300 Gm of protein nouiishment could be thus admimsteied, although 
the volume (8 to 12 hteis) would be excessive In a few cases the rate was 
greater, up to 500 and 900 cc pei houi of the 2 5 per cent solution The 
laigest amounts of Amigen were given as 5 pei cent solutions (see No 7, 
Table I) In two of these patients, 300 Gm of Amigen (with equal amounts 
of glucose) were injected each day foi three days, by means of a continuous 
venoclysis Recently, a patient inadvertently leceived 1,000 cc of 10 per cent 
Amigen in less than an houi , however, it had been neutralized to a pH of 
6 5 by the addition of NaOH Aside fiom abdominal pain, nausea, and vomit- 
ing theie was no untowaid lesult of this excessive rate of injection 

Most patients received but one 01 two liters of tbe Amigen solution The 
most seriously ill weie given more, the largest amount given to one patient 
was 26 liteis during the course of ten da3's In the two patients mentioned 
above, six liters a day were given foi three consecutive days We aie unable 
to say how much moie Amigen can be given per day as no attempt was made 
to mci ease the dose already mentioned, except that 1 ecently a patient received 
25 Gm of neutiahzed Amigen pei hour for eight hours, with no leaction and 
considerable clinical benefit Expeiimentally, we have injected without reac- 
tion as much as 140 Gm of Amigen to a lO-Kg dog m 24 hours, with insig- 
nificant loss of ammo-acids m the mine, this would correspond to 9S0 Gm 111 
a 70 'Kg adult, 01 about 40 Gm pei houi, which is thiee to five times the rate 
we used m patients 

Findings — The clinical effects of the Amigen injections weie caiefully 
observed in each case and detailed lecords made theieof Table I shows the 
geneial distiibution of some of the data 

Pyiogenic Reactions Although chills and fever occuried m 15 instances, 
as can be seen by consulting Table I, ten of them occuned m patients receiving 
Solution No I , as aheady mentioned, this was the fiist solution employed and 
contained pyiogens in some of the distilled watei used m its preparation Of 
the lemaining instances, thiee occuiied in two medical patients, one with an 
acute lespiratoiy infection, the other a seveie osteo-arthi itic , both patients had 
had chills previously Of the lemaining two instances both had chills but no 
fevei and thus realty should not be classed as pyrogenic leactions On the 
other hand, at least one of the patients in this series had chills and fever 
following a tiansfusion befoie leceiving Amigen Fiom this anatysis, it 
seems fair to conclude that the few obseived pyrogenic leactions (chills and 
fever) weie not pioduced by Amigen, and that solutions which aie not pyro- 
genic produce no leactions on the addition of Amigen thereto 

Otliei Reactions Two instances of urticaiia w'ere observed, one in a pa- 
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tieiit known to be alleigic to various substances Since alleigy may be due to 
nonpiotem mateiials, we may explain these two instances on such a basis, i c , 
to ammo-acids oi possibl} mmeial elements m the hydiolyzed casein In 
both patients, the skin lesions lesponded to adienalm and weie followed by no 
sequelae Flushing of the skin occuiied in seveial patients, probably due to 
the specific dynamic eftect of the amino-acids, which has been noted by other 
obseiveis As to tempeiatuie elevations, most of our patients weie alieady 
suflfeimg fiom fevei befoie the amino-acids weie injected, oi weie expected 
to develop fevei as a lesult of the opeiative pioceduie Study of these cases 
failed to shon that Anngen was lesponsible for any significant temperature 
elevations In man} instances, the known specific dynamic action of the 
ammo-acids, themselves, may have piovoked some fever inasmuch as Shohl 
and Blackfan- found that the tempeiatuie elevations pioduced m infants by 
pure ciystailme ammo-acids and by hydiolyzed casein weie alike The chilly 
sensations obsei ved in a few cases w ei e, perhaps, also due to a specific dynamic 
action Indeed, m two out of thiee cases m wdnch the test w^as made, the basal 
metabolic late inci eased dining the couise of the Anngen injections Nausea 
and vomiting iveie laie in the piesent senes, indeed, when expected as post- 
operative manifestations, Anngen seemed to minimize them However, such 
symptoms aie associated with the late of injection, when Anngen is injected 
rapidly abdominal pain, nausea, and vomiting have been observed by Farr, 
Emerson, and Futchei ^ In the patient mentioned above who received lOo 
Gm in less than an hour, these symptoms occurred, though there w^ere no 
other untoivard effects 

Phlebitis Careful ohservation levealed no instance m wdnch 25 per cent 
Anngen caused any more phlebitis than similar solutions containing glucose 
alone Moie recently w^e have prepaied a iieutialized Anngen solution 
(pH=6 5) wdnch m stionger concenti ations (5 and 10 per cent) seems less 
likely to pioduce phlebitis than similai solutions at a pH of 4 5 

Deaths Caieful analysis of the deaths m this series of cases revealed no 
instance m which the Anngen could have been responsible In each case the 
patient was in a cntical condition befoie the administration of the ammo- 
acids They w^ere given 111 these patients because they pi oved of such definite 
help 111 othei similar cases ivhich recovered These w-ere patients with serious 
gastro-intestmal disease, m poor nutiitional and general condition, a situa- 
tion which IS not uncommon among the indigent 

TheiapeuUc Value Detailed objective evidence that amino-acids, when 
given intravenously, have a definite therapeutic value, was published in a 
previous paper fiom this clinic^ It w^as showm, for example, that excellent 
utilization of the injected material ivas achieved fiist because nitrogen reten- 
tion was marked and pei sisted even during twm wrecks of therapy and second, 
because significant increases of the plasma protein concentration took place 
Such detailed obsei vations were not made in the present study However, 
from the purely clinical point of viewq there w^as ample evidence of the bene- 
ficial, even dramatic, effects of Amigen In many cases it seemed clear that 
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the addition of the amino-acids to the parenteral glucose, after serious opera- 
tions, tipped the balance in favor of recovery, although such impressions are, 
of course, difficult to prove Significant was the fact that many patients 
volunteered expressions of subjective improvement in their general sense of 
well-being and strength, and this was confirmed by their clinical appearance 
and by the usual bedside observations 

It might be well, at this point, to make a few general remarks concerning 
the subject of protein deficiency The piactical application of this new method 
of parenteral protein therapy will be realized to a large extent by our ability 
to recognize protein deficiencies m surgical patients The value of glucose is 
taken for granted because it supplies calories , yet body fat and tissue protein 
can likewise supply calories 

But there is no substitute for protein , indeed, one might say that if there 
IS any seciet of life it is bound up with protein which is the basis of all living 
protoplasm In the past we have been lulled into a false sense of security 
about protein needs because of the presumed “stores” of protein in the body 
Recent evidence has cast doubt on the practical application of this assumption 
For example, it is now known that depletion of plasma albumin begins im- 
mediately after piotein intake is stopped Indeed, though hypoprotememia 
IS the only protein deficiency which can be recognized and measured clinically. 
Its frequency is now generally admitted Undoubtedly, other tissues suffer 
when their protein is depleted The hvei comes to mmd, and something is 
known of this Manifestations of protein deficiency m other organs 

will doubtless be detected as time goes on Indeed, one may even go further 
and say that ceitain acute conditions, such as burns, severe hemorrhage, 
shock, etc , are m reaht}^ examples of acute protein deficiency since they lead 
to acute hypoprotememia which the body cannot correct rapidly enough, and 
because fluid containing protein (plasma) is so therapeutically effective 

Plasma as a protem-containing fluid has become widely recognized within 
recent years as an important method of replacing lost protein, though it was 
used first m severe burns® at the St Louis City Hospital in 1935 As a means 
of supplying protein nouiishment, though plasma leads to positive nitrogen 
balance m humans as shown by Kremen, ef al p it has two possible disad- 
vantages First are practical limitations, for example, the largest amount of 
protein which was given m 24 hours in the present study (300 Gm ) would 
require over 4,000 cc of plasma or at least 16 donors a day Second, are 
theoretical factors, ? e , plasma replaces lost protein in the blood only, but 
must be hydrolyzed to amino-acids or small polypeptides by the body before it 
can be utilized by other tissues In contrast, ammo-acids injected intraven- 
ously are immediately available to all issues Indeed, if protein synthesis is 
rapid and much evidence seems to indicate that it is, an appropiiate mixture 
of ammo-acids should be built up into plasma proteins quickly enough to 
supplant m part, at least, the need for plasma and transfusions even m acute 
conditions, such as severe burns and hemorrhage Work along this line is 
now in progress 


1164 



A olunio 115 
^umbcr 0 


AMINO-ACIDS IN POSTOPERATIVE PATIENTS 


SUMMARY 

Obseivations have been made of the injection of 1,013 hteis of glucose 
solution containing a mixtuie of amino-acids (Ainigen) m 312 patients The 
injections were ^^ell toleiated and gave ample evidence of clinical benefit 
Onl) two instances of uilicaiia w'eic obsened The intiavenous injection of 
a piopeily piepaied solution of suitabl) hydiol)^ 7 ed casein into the human m 
amounts avei aging 8 to 12 Gm pci hoiii foi an avei age-sized adult is a safe 
pioceduie, and is the most simple and convenient w^ay of supplying laige 
amounts of piotem nourishment paienteially The fai-ieachmg implications 
of this new’ method of theiapy aie biiefly discussed 
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Studies of epithelial healing and of the tiansplantation of skin have been 
made m close association with the clinical picture of the recjuii ements and 
possibilities of repaii in a large numbei of patients over a 17-year period 
The reasons foi wound healing or failuie of healing, the spontaneous repair 
of donoi sites of giafts, the behavioi of homografts and many other points 
have been studied by micioscopic sections of tbe tissues involved Laboratory 
animals aie not very similar to tbe human m skin and subcutaneous airange- 
ment, and it is thought that human biopsies have been of the most direct value 
The lecoid has pi oven mteiesting and instinctive and it is hoped that it may 
help fuinish a histologic and ph3'siologic basis foi furthei investigation To 
Dr Nathan Womack, thanks aie given because of his help, mteiest, and 
patience in the protracted obseivations 

SPONTANEOUS HEALING OF LARGE OPEN WOUNDS 

Wounds heal spontaneously by contraction of the suiioundmg edges, by 
filling 111 with fibrous tissue, and b}'^ scai epithelium going across fiom side- 
to-side Skin is a complex oigan and the epithelium is the only part of it that 
legenerates The pad of deima that is leally important m giving bearing 
piotection does not legeneiate, to any noticeable degiee, and wben a claim is 
made that a chemical will produce healing without scan mg, the healing 
process is appaiently not understood 

The thin scar epithelium that creeps across a wound by itself, and without 
any pad of derma to attach it to the subcutaneous tissue, may not be very 
serviceable as a bearing suiface It is thin, has no papillae, no hair follicles, 
no glands, and may foim an excessive layei of keiatm with nuclei remnants 
piesent fai out in it The latter finding may be evidence of a short life cycle 
of the cells associated with the continual wound stimuli of tension and lepeated 
trauma This scai epithelium may never become veiy fiiinly attached to the 
undei lying fibious tissue, so that laige aieas of it can be detached and lost by 
tiivial injuiies or infections (Fig 1) 

Failuie of beahng may occui and is seen most often m circular burns of 
the extiemities and wide open aieas on the scalp In such extiemities there 

Failure of healing may occur and is seen most often m circular burns of 
the extiemities and wide open aieas on the scalp In such extremities there 
ma)f be little or no upwaid growth of epithelium from the lower skin edge, 
so that the piesence of e^en a narrow longitudinal stiip of skin may be a big 

* Read before the American Surgical Association, Cleveland, Ohio, April 6-8, 1942 
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help in spontaneous healing In the scalp, it has been conjectuied that the 
follicles aie so far cliff eientiated into hair-foiming stinctuies that they do not 
level t to the pioduction of surface epithelium so easily as elsewheie m the 
body This is not true in the face, howevei, where lapid healing occurs, even 



Fig I — ( 4 ) scar epvthehal henhng, r\ith no dermal pad to attach it to the fibrous tissue under it 

(B) Same thing existing in a scar ifter 20 \ears This does become tougher” but retains the same micro 
scopic appearance (C) Fresh scar, with red blood cells collected interstitiall> , just read\ to detach the surface 
scar epiuietium (D) Microscopic appearance of the frequent gross finding of detachment of scar epithelium bj 
hemorihage E\en slight trauma maj cause a large surface loss from hemorrhage under this poorlj attached 
epithelium 


111 full-thickness losses, presumably from deep hair follicles that extend clear 
down into the subcutaneous tissues (in men) (Fig 2) 

Individual vaiiations 111 the giowth of epithelium, aside fiom general 
nutiitional factois, are marked An occasional patient will heal a Mide full- 
thickness loss and even get permanent bearing function Otheis may heal 
lapidly but with so much dense, deep, fibrous scar that marked deformities 
aie pioduced These patients give about the most tiouble of repaii of any, 
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as this deep scar may have to be removed to allow normal function Other 
patients seem not to grow any epithelium and may linger on over long periods, 
developing more pam and losing more body fluids all the time, and may die 
Studies of open wound (ulcer) edges have followed from the above con- 
siderations, and one of three pictures is usually found m them ( i ) There may 
be no activity apparent at the edge at all, the epithelium simply thinning out 
and the stratum granulosum appearing to curve around to meet the basal layer, 
as though a permanent condition of open edge were to be established This 
might be taken to illustrate an absence of response to the wound stimulus of 
the open area and usually occurs where there is little fibrous tissue laid down 


A B c 



Fig 2 — (A) Failure of healing in complete, circular full thickness loss (B) Edges 
quiescent, no growth from lower edge (C) Complete healing following one thick split 
graft operation 


(2) There may be excessive keratosis with epithelial debus piled up along the 
edges, indicating a response to the wound stimulus by the short life of the 
cells, but failure of them to go on across the defect and effect a closure (3) 
There may be a breaking up of the cells with apparent invasion of the deeper 
fibrous tissue, and it is presumably in this type of reaction that carcinoma 
develops Carcinoma develops infrequently in comparison with the numbers 
of burns that occur It occurs most often in areas that are prevented from 
collapsing, such as the scalp, or in large, dense fibrous ulcers that aie re- 
peatedly broken open 

Deep fibrous healing is presumably the only mechanism by which defects 
below the skin level may finally become closed, the area filling with granula- 
tion tissue that gradually changes to fibrous tissue This dense tissue tends 
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at times to defeat its own puipose by becoming so thick and avascular that it 
cannot suppoit its own surface or any epithelium struggling across it In 
some old leg ulcers, calcium may even be laid down m the scai and resemble 
sequestra loentgenogiaphically (Tins, of course, may come from adjacent 
periosteum ) It is the failure to remove tins deep scat that accounts foi many 
of the failures of giafts fox leg ulcers and other wounds that have been open 
for a long time Because of the thick, deforming dense fibious tissue that 
may go along with lapid epithelial giowth and pioduce earl)’^ distortion, it is 
sometimes easiei to lepair the patient who makes little if any epithelial effoit 
of Ins own, but who at least does not go into every possible kind of deformity 

A 




B c 

Fig 3 — Three Tjpes of Skin Grafts {A) Ollier Thiersch graft, with practicallj no 
derma fB) Thick split graft of about 8o per cent of the full thickness (Used in 1932 ) 

(C) Full thickness graft 

Generalized skin shortening is a term applied to areas that have healed, 
possibly with satisfactory surface, and winch show no gioss deformity but 
which do not permit normal function of complete flexion and extension This 
is due to deep scarring and insufficient skin and is comparable to clothes that 
are too tight— -the patient simply cannot bend around m Ins skm-envelope 
The situation becomes especially bad if he puts on weight, as the dense blanket 
of seal will not distend for the new fat, and at times this thick, unyielding sur- 
face actually seems to form bursae over the deep fat Notable examples of tins 
have been published— one patient could not raise his arm without raising his 
leg, and another had not sat don n normally for 26 years The repair consists 
of opening suitable areas, either stretching back the edges or removing scar 
that IS too dense, and filling the defect with free skm grafts ® 
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THE TRANSPLANTATION OF SKIN 

Eaily Skill Giajtnig of Bums and Otliei Open kVounds — The mam inter- 
est, geneially, peihaps, is the pioblem of massive detects due to bums that 
have to be giafted to save life and pi event defoimit}'’, and in the latei lepair of 
contractuies and defoimities Bums can usually be made clean enough for 

A 




B 

Fig 4 ~(,A) Thick split skin tnft used successfully m lepair of i burn (B) 
Biopsy of same graft one a ear latei Arrows point to attaclinient of normal dermal pad 
to deep tissue be cominred with Figure i 


grafting in 20 to 30 days and as this plan has been followed foi a long period, 
It can be extended now m war wounds, if suitable preparation can be carried 
out and tanned membi anes gotten off eai ly enough 

The immediate excision of bums and giafting, as suggested by Murat 
Willis many yeais ago, may have isolated applications, but cannot be a 
loutine piocedure foi all bums It would result sometimes m much good 
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tissue being saciificecl or in not getting iid of enough binned tissue and, 
because of this, a loss of the giaft 

Thick Split-Skin Giafts and the Relative Thicknesses of Othci Type<; of 
Giafts — Figuie 3 shows these giafts all taken fiom the same aiea in the same 
patient and magnified to the same degiee The split-giaft is about 80 pei 
cent of the full-thickness m this instance When laige aieas have to he 
resui faced, it is necessary to utilize only paitial-thickness of the donor skin, 
leaving behind some deima containing poitions of haii follicles so that healing 
can occur When the full thickness of the skin is not taken, then it has been 
split m two and the most appiopiiate name foi this t}pe of giaft seems to he 
“thick split-giaft” The oiiginal Olliei -Thiei sch giaft uas too thin to he of 
much value, but almost any opeiatoi would, automatically, cut thickei giafts 
as he piogressed in the woik, so that the usual giaft now used is one-half to 
thiee-fouiths of the full thickness of the skin A^'anous othei names have been 
employed to desciihe this giaft 

The actual thickness of whole skin vanes gieatly in age, sex, lace, vaiious 
degrees of nutrition, and 111 diffeient aieas of the hod}'^ The skin is also of 
dififeient chaiactei in vanous aieas On the back, foi instance, the epithelium 
IS 1 datively thin but the deima is so thick that full-thickness giafts fiom this 
aiea can haidly be counted on to suivive Bums m this location aie seldom 
completely thiough the deima and tend to heal leadily Spht-giafts fiom this 
aiea do not need to be as thick, 1 datively, as from othei aieas, and because 
of this, as many as five “crops” of skin have been taken fiom the same donoi 
site at inteivals as shoit as 19 days The palm is just the opposite, with a 
specialized type of epithelium that pioduces a thick keiatin layei foi piotection 
and has a thin deima without hair follicles It heals veiy pooily following 
bums and even lathei supeificial ones may pioduce maiked deformity, espe- 
cially 111 childien The same is tine of the sole 

Importance of the Dcnnal Pad of a Skin Giaft — To show the impoitance 
of a pad of noimal deima betw^een the undei lying base and the suiface epi- 
thelium, the spht-giaft m Figuie 4 A w^as follow'ed clinically foi one year, at 
which time the lesult w^as satisfactoiy, and a biopsj w^as taken Figuie 4 B 
show^s the giaft aftei one yeai, appealing as noimal skin wuth 1101 inal papillae, 
no excessive keiatin — indicating a noimal life cycle of the cells and absence 
of -wound stimulus The epithelium is attached to wdiat is left of the filii ous 
base by the pad of deima included in the giaft and a noimal beamig-sui face 
is pioduced that can withstand the usual tiauina of getting around This 
may be compaied wnth Figuie i A and B. in wdiich the scar epithelium on a scai 
base IS seen, and tbe companson is the essential diffeience between spon- 
taneous seal epithelial healing and healing by grafts 

Cutting Thick Spht-Skin Giafts — ^These giafts maj be cut in seveial ways, 
the mam essentials being a long shaip knife and some method of producing 
a diaphiagm on wdiich to cut The diaphiagm ma} be pioduced by piessing 
down, as with two laige spatulae, 01 lifted up as wnth tenacula, a vacuum 
suction letiacloi, 01 with glue, as on the dermatone Each method has its 
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advantage, according to the availability of the skin in relation to size and 
nutrition of the patient For large defects, the giafts should be cut as large 
as necessaiy for ease of repau— on a laige person, ones 18x5 inches are 
possible, and giafts 36x4 inches have been cut free-handed with a long knife 
(Fig 5 A, B) The dermatome ma} be useful in obtaining smallei grafts 
from more difficult aieas, such as over the thoiax, 01 from small children, 
wheie Its size (8x4 inches) may be sufficient One has to be caieful not to 


A 




B 

Fig 5 — {A) Fieehand metiiod of cutting thick split giaft, about 75 pel cent of the full thickness 
(ii X 4 inches) (i?) Larger grafts are a\ailable in large patients Healed sites shown of one graft 
36 X 4 inches, and one 30 X 4 inches 

set it so deep that the full thickness of the skin is taken, oi so thin that the 
graft cannot be detached from the drum The fiee-hand method, when pos- 
sible, is usually the fastest and safest method, and with some practice the 
thickness of the giaft can be graduated and certain designs loughly obtained 
(Fig 5 A) 

P '1 epaiafton of Base joi Spht-Gi ajts and WJie)e They JVtIl Glow — Grafts 
may be put diiectly on the surface of open wounds if the granulations are 
bright red, flat, firm, and not edematous However, if feasible, the granula- 
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tions are slued cleanly off with a graft knife They aie not scraped, as this 
seems definitely to interfere with the take In healed areas, especially if they 
have recurrently broken down, the scar epithelium and deeper fibrous tissue 
are removed down to a thin scar base so the area can i elax It may be neces- 
saiy to open entiiely through the scai to gain correct position of the parts, 
but this should always be done very caiefully if there is any possibility of 
exposing tendons by sudden force In Figure 4 B, the deep scar that has been 
left IS seen under the giaft 

Giafts will not giow on tendon 01 bare cortical bone (without periosteum), 
but may cairy a lateral blood supply of their own acioss small areas of these 
tissues when exposed This is important in woik about hands because, if one 
goes veiy carefully, one can stop any tendon exposure before it is over i cm , 
and this is about the limit that the graft can be expected to carry over 

When put on fat 01 muscle, or uneven scai bases, the grafts will grow, but 
will later show eveiy iiregulaiity and there will be new scar tissue laid down 
that may coiitiact the surface markedly This has been said to be due to 
contraction of the graft, but it is probably fiom contraction of the bed under it 
Sulfanilamide may be dusted spaiingly over the bed for the graft without 
measuiably stopping the growth, but any excess certainly would be contra- 
indicated and It cannot be expected to replace any precaution of cleanliness 
nor to prevent loss of a graft if a seveie contamination has occurred 

The preliminary prepaiation is as important as any step m the repair of 
a large open wound and consists mainly of open drainage, soap and water, 
local sulfonamides, and daily debiidement Rest, elevation, and piessure 
dressings are fundamentals that cannot be omitted, but are only mentioned 
here foi the sake of completeness Ointments on areas to be giafted are used 
on fine-mesh gauze duiing the pieparation but none should be on the wound 
at the time of operation, and if suspected, ethei should be used as a solvent 
Grease left undei a graft almost precludes its gi owth Somewhat of a reason 
for this has been noted (by otheis) m tissue cultures, 111 the finding that on 
the addition of a drop or two of mineral oil to a tissue cultuie, taxis of the 
cells ceases 

Pressure diessings on skm grafts are almost an absolute necessity (an 
occasional giaft laid on and not protected might suivive, but one could not 
run a service that way ) The medium of pressure disti ibution that seems 
most suitable is white cotton mechanic’s waste It has to be held on the same 
as any medium does and it is, therefore, the final bandage that produces the 
pressure (Fig 6) Firm pressure is an excellent antiseptic, apparently by 
preventing the accumulation of surface fluid and keeping down edema, and its 
use has been noted m the hieioglyphics of the Edwin Smith Surgical Papyrus 
Piessuie dressings aie also used on fresh burns when possible 

EPITHELIAL HEALING 

The Epithelial Healing of Dono) Sites of Thick Spht-Giafts—This pro- 
vides an especially good opportunity for gaming information of epithelial 
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healing in geneial Large areas are denuded under steiile conditions and the 
influence of any agent on the lapidit) of epithelial healing can be readily noted 
The lesemblance to a supeificial bum oi to a deep abrasion is evident The 
ability of these to heal pioinptly makes possible the transfer of loo to 250 
squai e inches of skin at one tune and it is most important to make sure that 


A 



B 

Fig 6 Fine mesh gauze next to donor sites Tnd o\er grafts Masst-w pressure dressing ii'^ing 
cotton mechanic s "lastc to protect both donor sites and grafts Massi c thick split grafts 210 inches 
in one operation One graft, 16 X 4 inches, from shoulder to buttock Others o\er back arm and 
neck 


this healing does occui by using extreme care m diessmgs and protection 
(Fig 6) 

Dediffei entiation of the Haii Follicles in the Healing of Donoi Sites — In 
the healing of donoi sites, the deep glandular epithelium in the derma spreads 
out ovei the surface and entiiely lecovers it in six days, and in six more days, 
diessmgs can be left off In fact, only one diessing is done on the tenth to the 
twelfth daj^ This piocess is a sort of “dedifferentiation” of the cells of the 
hail follicles, as fai as we have been able to deteiinme, and a gross observation 
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in substantiation of this is the fact that on the palms and soles, wheie theie aie 
no hails, healing is slow 

Mia oscopic Appeal ance of Epithelial Dediffei eiitiahon — The uhole pioc- 
ess can be studied niici oscopically in biopsies taken at inteivals (Fig 7) 
Healing is complete by the sixth day, and by the ninth day, conveision to 
squamous epithelium is so complete that papillae aie foimed and some keiatin 

A B 



is being till own off This piocess is appaiently the leveise of the oiiginal 
foimation of haii follicles It is also something like a leveisal of carcinoma 
foimation, and it was thought that a somewhat similai picture might be found 
if enough healing donoi site biopsies weie done This has not been entiieh 
clearly showm because the cells go out so lapidly and oiderly, but suggestions 
of it have been found 

Caiefid Piotection of Doiwi Sites to Obtain Healing — It is apparent that 
this piocess IS a veiy delicate one and that iriitation of any nature, chemical, 
bacteiial, or mechanical, will pieient healing When this does occur, the 
healing peiiod is changed fiom ten dai^s to eight or ten weeks, and whole 
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areas of the derma seem to melt away It is evident that extreme care should 
be taken not to damage these cells and, therefoie, no strong chemicals are put 
on the area It is dressed immediately to protect it from trauma and con- 
tamination with fine-mesh grease gauze (No 44 gauze), held firmly in place 
with overlying pads, adhesive and bandage that cannot slip If any openings 
have been cut through the deima, they are carefully closed before the dressing 
IS applied (Fig 6) 

When large areas are denuded, the additional bleeding and fluid loss may 
be considerable and whole-blood tiansfusions aie often advisable 

The application of fine-mesh gauze to these and all raw surfaces is a fun- 
damental of extreme impoitance to allow healing to progress smoothly and, 
on granulating sui faces, to avoid growth of them through the meshes of 
coarse gauze 

Rapid'ity of Heahng and Mnlttph “Ciops” jioni Same Aiea — Split-graft 
donoi sites usually have to be guarded a week 01 so longer aftei the 10 to 12 
days, but a second “ciop” of giafts has been taken as soon as 10 days after 
the pievious “ciop,” and five “ciops” have been taken fiom the same area 
There is a maiked variation in patients m then rate of heahng One patient, 
for example, who healed his donoi sites lapidly and had four “ciops” from 
the same area, did not make any new lateial spiead of epithelium over his 
burns Negioes aie ideal patients foi giafting, giafts seem to glow on them 
almost legal dless of technic, but they are a little slowei in healing then donor 
sites This may be because they tend to have less haii 

T/ic Skin of the Back — This eaily and lepeated heahng wheie multiple 
“crops” aie taken has usually been fiom the back, \\heie the deima is thick, 
but care is taken not to cut too deeply, the skin does finally weai out and 
the last “crops” are not as nice to use as the fiist one 

The possibility of enough skin for repair in each bui ned patient is usually 
piesent if the above precautions aie taken The giaduation of the thickness 
that IS possible 111 fiee-hand cutting is probably the safest way of avoiding 
tiouble, and of insuring the possibilit}”^ of multiple “ciops” fiom the same area 
Saving a good donor site on badly burned patients is important foi obtain- 
ing smooth full-thickness giafts when final operations aie to be performed 
about the face and neck A thigh or the lower abdomen may be left for this 
work, but it IS fiequently found that someone has leinoved pmeh-grafts right 
out of the center of these areas 


HOMOGRAFTS 

Homografts are usually thought of at this point, when the possibilities of 
the patient having enough of his own skin are considered These grafts will 
take almost universally even without regaid to blood giouping In group- 
ing one series of 26 down into the M and N groups (with Dr Francis 
E Holfort) no relation was found eithei to the take or to the length of per- 
sistence However, they will not persist in place ovei 10 to ii weeks, and 
usually begin to disappear at the third week by a sort of solution of the graft, 
usually without pus formation 
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Biopsies taken early m this process of solution show interstitial edema, 
with slight cellular infiltration, as might be seen m an urticarial wheal hater, 
the interstitial edema is less striking, and the cellular infiltration becomes 
heavy, consisting chiefly of round cells n itli many eosinophils and some poly- 
morphonuclear cells This heavy cellular infiltration coincides with the dis- 
appearance of the various dermal elements and epithelium in scattered areas 
Grossly, the graft has numerous tiny areas of loss and appears “moth-eaten” 

A 



B 

Fig 8 — Emergencj Dressing of Wounds in Homografts {A) Extensive 
burns of arms, legs and face {B') Whole arm healed with homografts from 
father At same time, permanent autographs put on hand and face 


at this time These aieas inciease in number and coalesce until final complete 
solution of the graft occurs It u ould appear that the proteins in the homo- 
graft are antigenic and that the host requires about three v eeks to build up a 
maximal allergic response to them If a second crop of hemografts from the 
same donor were applied to the patient at this tune, one would expect almost 
complete failure to take By the same reasoning, any previous attempts to 
“desensitize” the patient to the donor’s skin proteins would probably decrease 
the chances of take Conversely, attempts to “denature” the antigenicity of 
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the proteins in a homograft, or to change them by previous immersion in the 
patient’s serum, have not proven clinically successful m skin grafts 

The emergency “dressing” of wounds m homografts is employed occasion- 
ally as a hfe-savmg measuie and m intractable children Large sheets are 
taken fiom the donor and applied quickly, about as a dressing of the wound 
The effect is stopping of pain, and the necessity of caie, impiovement gener- 
ally, cleaning up locally, so much that there may be a marked stimulus m the 
patient’s own epithehzation, have been mismtei pieted by some observers as 
a permament suivival of the homograft (Fig 8 ) 

According to Di Leo Loeb, no two individuals are exactly alike, and 
with our present knowledge, theie is no use to expect a homograft to survive 
kluch woik has been done along these lines, and if the problem could be solved, 
one of the gieatest possible advances would have been accomplished Skin 
IS an organ and not just the epithelial element, so that it probably cannot be 
grown 111 a foreign body any more than any othei organ and persist 

Hoinogi ajfs in identical hums, howevei, have been shown to survive, and 
if a twin were bui tied, the other one could pi obably be used satisfactorily * 
Delayed or lefngeiated grafts are possible and have been used clinically 
occasionally, and experimentally in aminals, and from humans to animals, 
but there is not much clinical use in the proceduie at present, since the patient 
is always on hand to supply his own skin, and the obtaining of the giaft is 
the minimal part of the piocedure In one case a successful full-thickness 
graft on the neck had been stoi ed m an ice-box for foi ty-eight hours , as far 
as IS known, this is the first clinical instance of the use of this piocedure 
One can conjectuie all sorts of storage plans and tissue culture plans for 
grafts, to be used m war time, but final success has not been attained 
(Illustration of this part and eight other figures omitted ) 

LATE COURSE OF THICK SPLIT-GRAFTS 

Sebaceous collections may occui to an annojnng degree, possibly because 
the cut glands secrete backwards At least it appeals this way since multiple 
large collections may develop Then impoitance is that final healing may be 
delayed, and if the large collections become infected, excoiiation or e\en loss 
of part of the graft may occui Theie is usually a deep layer of epithelium 
under these collections, so that if they are opened and expressed, and any 
overhanging edges trimmed away befoie infection causes damage, seiious loss 
IS avoided This occui rence is one of the maiked vaiiations, some patients 
not showing it at all and others showing it badly, legaidless of how thick the 
graft IS cut , howevei , full-thickness grafts nevei show it This also ma}'^ be 
due to small areas of the oi iginal skin being left behind and the grafts having 
been put over them 

Persistence of function of skin grafts over long periods of giowth has been 
studied and it seems that giafts do grow or stietch out, so that if a giaft has 
been successful at the beginning, it is apt to remain so If any lack of skin for 
ease of function (skin-envelope) is noted, suitable openings can be made and 
more skin let in ® 
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Sahsjacfoi y function of giafts is meant to include “(i) Enough skin for 
flee movement, (2) model ate looseness, (3) ability to withstand the usual 
tiauma of getting aiound, and (4) the development of noimal sensation 
Full noimal sensation usually develops m free skin giafts and is influenced 
by the amount of deep scar that is left and, of course, is dependent on the 
piesence of sensoiy neives in the aiea”*^ 

Metaplasia of giafts (and flaps also) does not take place and, theiefore, 
a leally noimal sole 01 palm, foi instance, cannot be lestored The skin of 



A B 

Fig 9 — F-iilure of MetnpHsn of Skin Grafts (A) Biopsy after one ^e^r — from 
graft in oibit Graft is still skin grossly and microscopically (J5) Biopsy after fi\e 
>ears — from inside laryn\ Graft is still skin, with hair growing from it 

each of these ai eas is specialized to the point of being an organ , the micro- 
scopic stiucture is diffeient from bnth and the peculiai beaiing qualities are 
not developmental “A graft or a flap on a sole may make calluses (or even 
annoying waits) but it will not metaplase into true skin or subcutaneous tissue 
of the ai ea They always have to be protected and the wai t foi mation guarded 
against If haii is ti ansplanted, it will continue to giow, except that it may 
be woin off 

“Skin grafts ti ansplanted to noimal mucous membiane sui faces, such as 
the mouth, laiynx, and eye socket, show no evidence of a change to a mucous 
membrane The skin simply peisists as such and even raises ban m these 
areas, if there aie any functioning follicles in the giaft” (Fig g) 

Lines of Investigation — At this tune, when burns and grafts demand 
a good deal of attention, it is desirable to have the whole subject, including 
objects, leasons, possibilities and limitations, put on a plane approaching other 
suigical subjects Important lines of investigation aie (i) Infoi mation to be 
gained and coi related fiom tissue cultuies, (2) chemotheiapy in relation to 
piepaiation of wounds and at time of opeiation, (3) 1 efi igeration of grafts 
befoie being applied and of the aieas after opeiation, (4) development of 
occlusive dressings that aie transpaient and removable, (5) prevention of 
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burns, (6) earliest possible replacement of skin following burns, (7) im- 
provement in dressings and pressure media, and of air pressure on wounds 
plus burns , (8) simplification and ease of obtaining split grafts , (9) possi- 
bility of getting homografts to survive, and (10) utilization of delayed giafts 
Much has been accomplished, but it is apparent that there is room for 
vast impiovement 
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Discussion — Dr Sumner L Koch (Chicago) There were so many things 
Doctor Brown could not include in this rather brief discussion, that I w'ant only to 
emphasize just a few of the principles that he has suggested and repeat them, because we 
think they need to be repeated from time to time 

First of all if there has been a whole-thickness loss of skin no dressing will bring 
about healing The only way that raw surface can heal is by ingrowth, the slow in- 
growth of epithelium or by replacement 

Second the more quickly replacement is brought about, the less will be the contracture 
that develops All of us I am sure see, too often patients left for long periods of time 
in the hope that spontaneous healing will occur While it does go on very slowly, difficult 
and serious contracture is developing and increasing and, of course, the longer it goes the 
more difficult it is to overcome 

Third Doctor Brown has not had time to talk about the importance of securing a 
clean field He has suggested it, and he has referred to it m his paper, but to secure a suc- 
cessful result one must have a clean field Many advances have been made recently, par- 
ticularly in methods of securing grafts, and all of us have seen very beautiful grafts taken 
by various methods Too often the unthinking surgeon forgets that the field has to be 
clean or the graft cannot live Nothing that 1 know of helps so much to secure cleanliness 
of that field as simple surgical cleanliness and avoiding adding infection to the raw surface 
that IS to be covered 

Again surgeons so often forget the importance of not adding infection to the open 
wound as they arc trying to transform it into a clean wound They forget that the more 
serious potential sources of infection are the surgeon's hands and his instruments and, most 
of all, the uncovered mouth and the unmasked nose I never have had the opportunity of 
going to another hospital to see a patient with an extensive injury and been offered a mask 
to cover my face before examining the large wound that was distressing the surgeon I 
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think It IS something that we have to repeat over and over again to our students and our 
house officers, that just as in the operating room, where everyone admits the importance of 
preventing infection, so in the ward and in the patient's room those same precautions must 
be taken, and that if we are going to secure clean wounds we must prevent adding infec- 
tion to them throughout the course of treatment 

Dr Nathan Womack (St Louis) There is one thing about Doctor Brown’s paper 
that I would just like to stress, and that is his demonstration of the extraordinary rapidity 
with which apparently perfectly normal epidermis can be formed in five or six days from 
squamous epithelium If it is sectioned longitudinally and separated with a clothespin, one 
sees a very marked resemblance to skin but functionally it does not resemble skin It docs 
not resemble it in pigmentation It docs not resemble it in us metabolism 

It will be very interesting to observe what happens to some of these donor sites that 
Doctor Brown has under observation many years from now, whether or not the function 
of the stratified squamous epithelium of the skin is picked up as well as its morphologic 
structure 

One other thing I think the preservation of potency we see explains the marked 
variation that one sees in the other direction, that is, the formation of tumors 

The fact that cells are able to perform other functions than those they are normally 
supposed to do, such as squamous epithelium in the bronchus, and squamous epithelium 
in the gallbladder, explains some of the multitudinous morphologic experiences and some 
of the skin cancers that Doctor Brown has been talking about 

Dr ViLRAY P Blair (St Louis, Mo ) May I emphasize a point that Doctor 
Brown brought out’’ I did not catch that he said it directly, though he demonstrated it 
That IS the futility of homografts in preserving the vitality of the patient and bringing 
about an early condition where one can put on the autograft Especially in young chil- 
dren, that IS very useful A child is badly burned You take the graft from the mother 
and put It on, knowing it is not going to last, but by the time it has disappeared it has 
fooled many people into reporting in the literature that they have had permanent results, 
which I do not believe they ever did get 
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SKIN REMOVAL IN RADICAL MASTECTOMY* 

William Crawford White, M D 
New Yohk, N Y 

The surgical ireatment of cancer of the breast was in a quite unsatis- 
factory condition until 1894, when Halsted and Willy Meyer published their 
papers on ladical mastectomy Halsted advocated “wide” excision of skin 
with removal of the breast, the pectorahs major and mmoi, thorough dis- 
section of the axillary lymph nodes, and immediate skin graft This had a 
profound influence on the surgical treatment of breast cancer His oiiginal 
operation has been followed by many to this day, even though Halsted later 
somewhat changed his own technic 

In the decades that have since passed, theie has been quite a general ac- 
ceptance of the complete removal of the breast, the thoracic poition of the 
pectorahs major, the pectorahs minoi and the axillar}^ contents Theie has 
not been, however, an agreement on the best method of treating the skin 
over the bi east 

Halsted advised the “wide” removal of skin of the breast including the 
nipple and areola His method seemed to indicate an incision through the 
skin down to the deeper subcutaneous tissue, followed by peripheral dis- 
section to expose all of the bieast along with the muscles and axilla He then 
carefully closed off the dead space m the axilla u ith interrupted silk sutures, 
to leave a raw area that was covered liy immediate skin graft Halsted had 
operated upon 50 such cases when he made his report in 1S94 Of these 50 
cases, 31 9 per cent developed local recurrences^ From a leview of the liteia- 
ture, the writei has been unable to find any statements of the measurements 
of the skin removed 

Handley,^ in his study of cancel of the bieast, bad come to the conclusion 
that the growth spread chiefly b}"^ permeation and lymphatic emboli He 
contended that the cancel spread in a ringwoi m-hke piocess in the deep 
subcutaneous level just superficial to the fascia ovei the muscles, and that 
it was only in a late stage that extensions from this level went up A^ertically 
to the skin, like a bubble coming to the suiface of a pond He felt that there 
was no spread by peimeation beneath the cutis Therefore, he believed that 
It was not necessary to sacrifice a “wide area” of skin such as Halsted had 
advised, but that a smaller aiea could be excised with wide peripheral dissec- 
tion in the subcutaneous level, superficial to the deep level in which the 
cancer spread by permeation In accordance with this observation, he was 
content to remove a diameter of four to five inches of skin by a circular in- 
cision, with the tumor as the center He was usually able to approximate 
the skin edges by a plastic type of lepair at the completion of the opeiation 
In this nay he avoided the skin graft to the bare chest wall 


* Read before the American Surgical Association, Cleveland, Ohio, April 6-8, 1942 

1182 



volume 115 SKIN REMOVAL IN MASTECTOI^IY 

isumber C 

It IS accepted that cancel of the breast begins as a local lesion, and that 
it first spreads Jiy infiltiation Undoubtedly, in some of oui cases this ^\as 
the only stage that the giowth had i cached But because of our known in- 
adequate methods of gi oss and niici oscopic examination, it has been felt neces- 
sary to pel form a ladical mastecloni)" The next steps m the spiead of the 
giowth have been by peinieatiou and lymphatic embolism Both these meth- 
ods piobably occui at the same time, but vaiy in incidence and degree, if 
one IS to judge by clinical and pathologic expeiience Foi it is known how 
vaiiable is the relationship between primary growth and axillaiy metastases 
Foitunately, blood embolnm does not occui often, otheiwise theie wmuld be 
little indication for moie than local suigeiy 

All these methods for the spread of bieast cancer aie accepted m piin- 
ciple, and theie has been liut little disagreement except on the subject of 
permeation As I see it the ‘“Halsted school” believes that the cancel spieads 
by permeation m the cutis, and that, therefore, a “wide” poition of skin 
must be lemoved Secondly, w^e have a school of thought, led in New' Yoik 
by Hugh Auchmcloss, that agiees wnth this Halsted school but believes that 
It has not gone far enough, as the spread peiipheial to the excised skin is 
in the tissue immediately beneath the cutis Therefoie, such a careful dis- 
section of the skin must be made as to leave no fat attached to the under 
surface of the skin And thiidly, w'e have the Handley belief that the cancer 
spieads in the deep subcutaneous tissue, so that w'hen the skin or immediate 
subcutaneous tissue is involved, it is due to involvement of vei tical lymphatics 
to the skin from the deep tissue 

The pathologic evidence for each belief has been difficult to establish so 
that different opinions have been able to peisist On clinical giounds, how- 
evei, one may diaw' some conclusions The proponents of these theories 
have enthusiastically gone into battle to prove their contentions The Johns 
Hopkins Hospital leport claims that, in eveiy w'ay, w'lde excision with skin 
giaft gives supeiioi results to the plastic closuie technic Auchmcloss'' 
states that wnth his moie ladical technic, “local recuiience is rare ” Handley,"* 
111 1930, said “Bioadly speaking, local lecuirence w'as nearly abolished ” 

Freedom fiom lecurience, or persistence of the disease in the local area, 
is said to be a good measure of the thoroughness of the radical procedure 
Evidence of the disease beyond the field is no reflection on the suigeon’s 
technic 

In the case of local recurience, one must presuppose that malignant cells 
have been left in the skin and in the raw' area, w'lth a chance to grow' and 
later appear On the other hand, one must also admit that b) lymphatic 
embolism, cells may be deposited in the intercostal lymphatics to spread 
locally In the same fashion, the lymphatic emboli may go, and I believe 
fiequenti)' do go, to the Ij'inphatics associated with the perforating branches 
of the internal mammary aitei> So it seems to me that some of these 
nodulai leciurences in the intei costal space near the steinuin, and occasion- 
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ally some of the others deep beneath the skm, have no part m the proof for 
the indications foi skin removal 

Local lecurrences m the scai and the skm of the immediate chest area 
are of gieat significance But when they appear in skin edges after a 25 cm 
diameter of bieast skin has been removed, how shall we judge it^ Was the 
case inoperable piimanly — 01, when the recuiient nodules appear m the local 
skin aftei ten or 15 yeais, along with lung 01 bone metastases, is this due to 
a faulty lack of sufficient skm 1 emoval ? , 

It IS the fashion in some circles to deciy “statistics,” as unworthy of 
notice because of the variabilities in the nature and course of cancel of the 
bieast It IS admitted that one cannot aigue from the general to the specific 
111 each case It is also true that dogmatic tiaditional statements of procedure 
should not be accepted on mere impressions The collection and study of 
the operation, the pathology and the postopei ative course of patients over 
at least five years, gives an indication of liends and indications for procedure 
that are w'Oith while 

For this study the writei has taken the recoids of the cancers of the 
breast that have been subjected to radical mastectoni)’- at the Roosevelt Hos- 
pital in the peiiod January i, 1922 to Decembei 31, 1936 For the purpose 
of this review, all cases that had recurrence m less than 5 years, and later, 
were included All cases that w^ere well and free from the disease but lost 
in less than five years weie excluded In some of the articles in the litera- 
ture, on local lecunence, the authors haAe included too recent cases No 
time was allow^ed to develop recurrence 

This IS a lepoit of 254 cases, 238 wnth plastic skm closure, and 17 wnth 
skill graft 

Of the 238 plastic skin closures, 137 had proven axillaiy metastases, 43 
had local lecunences, including three paiasternal nodule recuriences (31 5 
pel cent) 

Of the 238 plastic skin closures, loi had no axillar}’’ involvement (in 
pathologic examination) Eleven had local recurrences, including four para- 
sternal nodule recuriences (108 per cent) 

Total 238 — 54 local recuirences (226 pei cent), excluding seven para- 
sternal lecurrences (197 per cent) 

Of the 17 skin graft cases, 14 had axillary metastases, with five local 
recurrences (35 7 cent), while three had no axillary metastases, wnth 
one local lecuirence (33 per cent) 


Table I 

PERCENTAGE Or RECURRENCES IN 23S CASES ^\ITH PLASTIC SKIN CLOSURES 


No of 
Cases 

137 axillary metastases 

loi without axillary metastases 


Totals 238 


225 graft cases (Johns Hopkins Hosp ) 
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Local Recurrence Per Cent 


43 

II 

S4 


31 S 
10 8 

22 6 


79 
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SUMMARY 

The writei, together with his associates, had been intrigued by the work 
of Handley It was felt that the plastic closure was preferable to the skin 
graft if it did no harm to the patient In the period included in this papei, 
the policy of following out Handley's technic has been followed It will be 
noted that in 17 cases immediate skin graft has been necessary This is due 
to the fact that we insist on removal of at least 15 cm of skin at the nai- 
lowest diameter, and often more if the growth was large By liberal under- 
cutting, It IS usually possible to appioximate the skin without undue tension, 
but m the patient with small breasts this may not be feasible On the con- 
trary, it is easy to close skin edges primarily in large breasts, even though 
a diameter of 25 or 30 cm has been removed 

We wish to emphasize the fact that m the cases with local lecurrence 
death was not caused by the local recurrence but by the cancer metastases 
outside the operative field Furtheimoie, m the late skin recuiiences, we 
have been impressed b}^ the simultaneous appearance of evidence of cancer 
outside the opeiative field For this we have come to the conclusion that 
we have not lost any patient liecause we have failed to make a wider excision 
of skin 

We feel that the “skin graft school” has taken an empirical attitude that 
IS not supported, as yet, by lesults 

CONCLUSIONS 

From our investigation we have come to the conclusion that (i) local 
recurrence is faiily frequent, (2) a follow-up over many yeais will show 
increasing percentage of local recurrence, and (3) our method of skin re- 
moval is reasonably radical In the local lecuirences (especially in the skin) 
that occur with this method, the failuie is not due to the method but to the 
pathologic fact that the cancel is already widespiead, without our knowledge, 
and beyond the reach of surgeiy 

A compaiison of our results with those of other “schools” is difficult be- 
cause of the paucity of information on this subject in the general literature 
A notable exception to this has been the exhaustive study of the Johns Hop- 
kins Hospital cases by Lewis and Rienhoff Reference to this report is 
made m Table I 


REFERENCES 

1 Lewis, D , and Rienhoff, Jr , W F A Study of the Results of Operations for the Cure 

of Cancer of the Breast Axxals of Surgery, 95, 370, March, 1932 
-Handlej, W Sampson Carcinoma of the Breast London, 1922 

2 Auchincloss, Hugh Axnals of Surgery, 108, 30, July, 1938 

^Handlej, W Sampson Studies on the Diagnosis and Nature of Cancer Bristol, 1930 


1185 



TISSUE REACTION TO RIBBON CATGUT AND PRESERVED OX 

FASCIA LATA STRIPS 

Amos R Koontz, M D , 

AND 

Richard T Shackelford, M D 

BALTiAtonr, Md 

FROM TIIL SURGICVI HUVaFRIVN LMIOR^TOR^ Ol Till JOHNS TIOl KINS MFDIC\I SCIIOOI, I1 j*ITIMORF MD 

In A good many publications Koontz^ 2 4 . pointed out the advan- 

tages of pieseived ox fascia stiips as sutuie mateiial in vaiious conditions 
In 1932, he® showed the diffeiences in tissue leaction to catgut and kangaroo 
tendon as compaied with ox fascia stiips The formei aie eithei soon ah- 
soihed 01 become fiiahle and lose their tensile stiength Both catgut and 
kangaroo tendon cause a marked leaction in the tissues — with a wet wound, 
an abundant cellulai leaction, and marked leukocytic infiltration This is 
more marked in the case of kangaioo tendon than in that of catgut On the 
other hand, pieseived ox fascia lata stiips show no tendenc}’^ to he ahsoihed m 
the eaily months (eight months) that they have been studied, and theie is no 
cellulai leaction aiound them Theie is, how^ever, a leaction on the part of 
the sunounding fihious tissue — new' fihi oblasts giownng m among the im- 
planted connective tissue fibrils of the ox fascia lata strips, becoming mcor- 
poiated with them, and levivifying them by iurmshing living cells and blood 
vessels which w'andei in betw'een the old ineit collagen fibiils 

In 1933, Lowsley and Bishop" intioduced the use of iibbon catgut for 
1 epairing nephi otomy w'ounds The followung yeai . Low sley^ reported an 
opeiation for ptosis of the kidney, using the same mateiial, and stated that 
the kidney stayed wdieie it w'as placed He has also used the material to 
plicate the bulbocaveinosus and ischiocaveinosus muscles foi the suigical 
relief of impotence in man'’ Low'sley has also used iibbon gut foi the 
relief of uiinaiy incontinence by placing an encircling band of it around the 
uiethra Expeiiments in animals, in connection wnth this opeiation, show'ed 
that the iibbon gut had been replaced by scar tissue in autopsies done from 
thiee W'eeks to two months aftei operation He has also used the mateiial 
to plicate muscles in operations foi the lelief of incontinence of both mine 
and feces As a fuithei use foi the mateiial, Low'sley has used it as a 
mattress suture to 30111 the membianous urethra to the uimaiy bladdei fol- 
low ing total pel meal pi ostatectomy 

Haw'es^'* lepoits the use of iibbon gut in the lei^aii of 26 herniae How'- 
evei, as two of the 26 had very eaily lecuiiences (one in thiee w'eeks and 
one in eight months), and as all of the heiniae, except one, w'eie of a very 
simple type, his lesults cannot be consideied lemaikable Stiode’^® has used 
ribbon gut foi the contiol of hemorihage in opeiations on horseshoe kidneys 
Chains^® has lecently lepoited the use of the mateiial in operations for the 
suspension of the uteius 

* Read before the American Surgical Association, Cleveland, Ohio, April 6-8, 1942 
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All of the above-mentioned useis of iibbon gut used chionuc gut, and 
chionuc gut was also used in the expeiiments lepoited heiein 

Due to the known tendency of catgut to be absoibed (Lowsley states* tliat 
the matenal used by him was absorbed aftei tluee weeks), \\e wondeied if 
pieseived fascia lata stiips would not seive his puipose bettei than iibbon 
catgut Piobably one leason that he did not use it was tliat iibbon catgut can 
be made veiy much longei than it is possible to get lengths of ox fascia strips 
The longest ox fascia stiips obtainable aie only about 12 inches long How- 
ever, the stiips can be easily spliced, and m that mannei made as long as 
necessaiy Lowsley gives as one of the principal leasons foi using iibbon 
gut the fact that it does not cut thiougli Tlie same thing, of couise, applies 
to fascia stiips 

The excellent lesults obtained by Lowsley speak well foi his skill as a 
suigeon, but one wondeis if his lesults might not have been even bettei if he 
had used a sutuie matenal that was not only not absoibable, but had the 
same qualities as iibbon gut in not cutting thiough Veiy likely, the ribbon 
gut, in a gieat many cases dm mg the piocesses of absoiption, w^as leplaced by 
othei fibious tissue This is wdiat undoubtedl}’^ occuiied wdien bands of 
Iibbon gut w^eie used to enciicle the urethia This piocess is not iiewq but 
is not constant enough to be leliable Many yeais ago Listei,^" Maicy,^* 
and moie lecently Sii Chailes Ballance^* obsened the piocess of substitution 
and leplacement in animal sutuies (plain and chiomicized catgut and peri- 
toneal ox ligatuies) by tissues of the host, so that the substituted tissues 
took the same foim as the oiiginal sutuie Eveiyone know's that this does 
not ahvays occui, as in most instances, aftei a shoit time, no tiace of the 
original animal sutuie can be found Replacement simiJai to that mentioned 
above has also been showm expeiimentally in chiomicized kangaioo tendon 
In his expeiiments on this suture matenal, lepoited m 1932, Koontz* used 
heavy kangaioo tendon to sutuie the sheath of the lectus muscle Fourteen 
months latei, m one instance, on casual obseivation it looked as if the 
oiiginal sutuie weie still intact Howevei, on fuithei investigation, it was 
found that the gi oove w^hich the 01 igmal sutui e had occupied in the sheath of 
the lectus w^as still piesent and filled wuth loose aieolai tissue Microscopic 
examination shouted no tiace of the oiiginal kangaioo tendon In another 
similai case, the same condition was found foui months aftei operation 

We believe that it wall geneially be agieed that in most cases such sutures 
as those mentioned m the piecedmg paiagiapli wull be absorbed, and further 
that in the few^ cases in wdiich there is some fibious substitution fiom the 
tissues of the host, the fibious tissues substituted do not have the tensile 
stiength of the oiiginal sutuie There aie, of course exceptions to all rules 

We conducted some expeiiments upon dogs m order to determine the 
diffeiences m the tissue leaction to iibbon gut and ox fascia lata strips All 
the expeiiments weie similai The rectus sheath and muscle were incised on 
each side and sutui ed in each instance on the light side wnth a running stitch 
of Iibbon gut, and on the left side b} a running stitch of piesened ox fascia 
lata The follow ing are some of the protocols 
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PROTOCOLS 

Experiment i — March 28, 1940 Operatton Implantation of ribbon gut and ox fascia lata A 
right rectus incision ^\as made The rectus sheath md muscle were divided and sutured with ribbon 
catgut, continuous suture The initial end of the suture was tied, while at the terminal end the gut 
was not tied but fixed through the she ith of the rectus with fine bl ick silk after making one lock stitch 
The subcutaneous tissue and skin were closed with medium black silk continuous 

A left rectus incision was then made The rectus sheath and muscle were diaided and sutured 
with preseried ox fascia lata* The subcutaneous tissue and skin were closed with medium black silk 
continuous 

April 12, 1940 Dog died (is days after opeiatioii) Had had distemper for last few days prior 
to death On examining the operatue site, there was an obvious bulging on the left side, which was 
fluctuant and contained fluid On opening this, a good deal of bloody fluid ran out, and the sub 
cutaneous tissues were edematous and contained oily bubbles The ox fascia was intact and not 
macerated in any way, but there was maceration of the tissues into which it was sewed It pulled out, 
therefore, rather easily Opening the right side showed the subcutaneous tissue to be edematous also, 
but there was no fluid collection Most of the ribbon gut had disappeared, and in places there were 
some pieces of it left, which appeared like tissue paper The initial knot was still present Smear 
from both wounds showed pus cells hut no bacteria 
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Fig I — Photomicrograph showing organization of ox fascia 
lata with surrounding tissues Four weeks after operation (Ex 
periment a) (Xas) 


Experiment 2 — April 4, 1940 Opctaltoit Implantation of ribbon gut and ox fascia lata The 

rectus sheath and muscle were divided on each side as before and on the right side they were 

sutured with ribbon gut, continuous suture, the initial end being anchored in the same manner as the 
fascia lata instead of tied The terminal end was fixed with a lockstitch, reinforced with interrupted 
fine black silk sutures 

The left rectus was sutuied in the usual maniiei with preseived ox fascia lata 

May 2, 1940 Dog killed (four weeks after operation) The sites of both operations weie nicely 
healed without any evidence of infection or untoward reaction The ox fascia lata was nicely 
healed in and organized with the surrounding tissue (Fig 1) The ribbon gut was not absorbed 

and not organized at all with the other tissues, I'lng in place as an inert foreign body, and more 

or less friable (Fig 2) 

Experiment 4 — April 18, 1940 Opeiatton Implantation of iibbon gut and ox fascia lata The 
implantation made just as in previous operations except that the ox fascia lata was implanted first, 
in order to be sure not to contaminate it with preserving solution from the ribbon gut 

June 26, 1940 Dog killed (6g days after operation) None of the ribbon gut could be discovered 
except the knot at the upper end of the incision This knot was removed for section (Fig 3) The 
continuous suture of ox fascia lata was plainly visible on the left side, nicely healed m without un 
toward reaction 

Experiment s — May 2, 1940 Opoatwn Implantation of ribbon gut and ox fascia lata The im 
plantation made just as in Experiment 4, implanting the ox fascia lata first and the ribbon gut 
second 


* The material used in these experiments was all commercially prepared (Johnson and 
Johnson) The preserving fluid is i per cent bmiodide of mercury in alcohol Before 
using this material it should always be washed thoroughly in two successive basins of 
sterile salt solution, and then let stand in salt solution until ready for use A good plan 
is to have the scrub nurse break the tubes and wash the fascia strips as soon as she is 
scrubbed up, so that they will have sufficient time to soak before the operator is ready 
for them 
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Fig 2 — Photomicrograph of ribbon gut, four weeks after operation No 
organization with surrounding tissues Gut easily pulled out (Experiment 2) 
(X2S) 



Fig 3 — Section through ribbon gut SixU nine dajs after operation Gut 
surrounded b> sterile abscess (Experiment 4) (X25) 
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June 26 1940 Dos IviHed (55 dijs after operation) There ^^as a stitch abscess on the right 

side ivhich, lion ever, did not penetrate below the subcutaneous tissue Ivo trace of the ribbon gut 
could be seen On the left side, the continuous suture of os fascia lata was plainly visible and 

niceh healed in , . , r , . rr-i 

Experiment 6 — IMaj 9, 1940 Ofoation Implantation of ribbon gut and ov fascia lata The 

operation peifoimed just as in Experiment s, implanting the ox fascia on the left first, and then 

the ribbon gut on the right 

Etc 4 



Tig s 

Fig 4 — Photomicrograph of ox fascia lata Three weeks after operation 
Fibroblasts of host growing in between the collagen fibrils of the ox fascia lata 
(Experiment 6) (Xioo) 

Fig 5 - — Photomicrograph of ribbon gut Three weeks after operation No 
organization but gut encvsted and sui rounded by leukocvtic reaction (Experi 
ment 6 ) (X 25 ) 

May 30 1940 Dog killed (three weeks after opeiation) Both sides were nicely healed The 
ox fascia was well organized in with the other tissues (Fig 4) Fibroblasts were found invading 
the fascia In the case of the ribbon gut all healing was complete but there was no organization of 
the ribbon gut in with the other tissues Cross section showed it to be partiallv absorbed but 
totallv encysted and it could be pulled out readily from the encysting tissues (Fig 5) 

The results obtained with the rubbon gut aie, theiefore, very similar to 
those obtained with ordinal y catgut This is what one would expect Doubt- 
less, the chemicals with which catgut is tieated m pieparation have something 
to do with its absorption Also, it is heated m the piocess of preparation, 
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which alteis the physical state of the collagen fibiils No such chemical 
or ph3^sical alteiatioii takes place in the collagen fibiils of the pieseivecl fascia 
stiips Besides, the stiips are soft and pliable, and lend themsehes leadily to 
the ingiowth of fibi oblasts fiom the sui rounding tissues, while catgut is so 
haidened that it would be impossible for fibi oblasts fiom the sunoundmg 
tissues to glow into it, even if theie weie no question of a complicating 
physical and chemical alteiation of the fibious fiamework 

CONCLUSIONS 

Stnps of pieseived ox fascia lata offer the same advantages as iibbon 
catgut as a sutuie mateiial in not cutting thiough. while they piesent the 
additional advantages of not being absoibed, and, by viitue of the invasion of 
fibi oblasts fiom sunoundmg tissues, peisisting as living sutuies with an 
appaiently undiminished tensile stiength 
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The relationship of function of certain endocrine glands to prostatic 
caicinoma was first demonstrated by Huggins and Hodges® who showed that 
this cancer is frequently inhibited by eliminating the testiculai andiogens 
by bilateral orchiectomy oi by neutralization of androgenic activity by estrogen 
administration, conversely, cancer of the prostate is activated by injection of 
androgens Subsequently, the favoiable action of estrogens in prostatic cancer 
was confirmed by Herbst® who repoited that estradiol and diethylstilbestrol — 
the estrogens used by Huggins and Hodges — are substances vhich “seem to 
relieve pain due to local prostatic malignant tissue and bony metastatic 
caicinoma ” Huggins, Stevens, and Hodges® showed that prostatic carcinoma 
IS an abnormal growth of cells lesembling adult prostatic epithelium rather 
than tissue of a more primitive nature These cancels lesponded to modifica- 
tions of the androgenic hormonal status like adult prostatic epithelium such 
as the cystic hyperplasia of the prostate of senile dogs which inci eases and 
decreases in size and function corresponding to changes in the androgenic 
activity as was shown by Huggins and Clark ® 

In line with the work cited is the obseivation of Mungei® who tieated 
II patients with prostatic cancel by transurethral lesection of the prostate, 
irradiation of the prostatic area (several mapped-out areas weie tieated until 
usually each had leceived 2,000 roentgen units) and irradiation of each 
testicle (500 r ) Mungei stated “A study of several cases treated by testiculai 
11 radiation with resection seems to indicate that slightly better results were 
obtained than in those cases treated by lesection and roentgenotherapy ex- 
clusive of the testicular application ” 

It IS the purpose of the present papei to sui vey the course and the results 
of treatment by surgical excision of the testes alone, and evidence is presented 
that irradiation of the testes m two cases did not eliminate the interstitial 
issue of the testes 

Material — In most instances after opening the tunica vaginalis, the 
testis was dissected away fiom the epididymis, followed by closure of the tunica 
and skin in layers, without drainage This achieves cosmetic and psycho- 
logical effects in that hvo masses of tissue remain in the sciotum 

During the last 30 months, 45 patients with advanced prostatic caicinoma 
accompanied by local infiltration or metastases have been treated m this clinic 

* Read before the American Surgical Association, Cleveland, Ohio, April 6-8, 1942 
t This investigation was aided by a grant from the Committee for Research in Prob- 
lems of Sex, the National Research Council 
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by orchiectomy, 32 of these men had metastases demonstiable on roentgen- 
ologic examination of the bones, 21 patients weie operated upon moie than 
one year ago, and 15 men in this group had osseous metastases Roentgeno- 
therapy was employed in no case in this clinic 

RESULTS OF ORCHIECTOMY FOR PROSTATIC CANCER 

In the entire series of 45 patients subjected to oichiectomy, theie have 
been eight deaths, all in men with extensive metastases to bone (Table I) 

Fig 1 



Fig 2 Fig 3 

Fig i — (H ospital No 62292) Adenocarcinoma of prostate with extcnsi\c metastases to peUis, pre 

operatn e roentgenogram 

Fig 2 — (Hospital No 62292) The same patient as in Figure i, roi dajs after orchiectomi 
Fig 3 — (Hospital No 62292) The same patient as in Figures i and 2, 467 daas after orchiectomj, 
showing complete disappearance of the radiographic exidencc of metastases 

In four of these men, carcinomatosis was the principal cause of death, while 
m the otheis it was of secondary importance Fiom a clinical standpoint, 
31 men have had a sustained improvement lasting as long as 30 months , nine 
men have had a temporal y improvement followed by lecurrence of symptoms, 
and m five men there was no improvement following castration 

In II men of the group of 21 patients operated upon 12-30 months ago, 
there has been significant improvement; these patients are free from symp- 
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Table I 


Morl\IIT\ ^OLLO^^I^G ORCHIICTOMV POU PROSTVTIC CANCI R 
4j Patients Ti eoted in 30 Months 
Weight of 

Testes Time Since 




Hospital 

Age 

— 



Initials 

Unit No 

Years 

Gm 

(I) 

F F 

274090 

70 

18 

iS 

(2) 

J W G 

2664s 

67 

10 

10 3 

(3) 

C R 

40318 

74 

18 

20 6 

(4) 

0 A 

252777 

75 

12 7 

18 I 

(5) 

S R 

241797 

72 

0 7 

10 2 

(6) 

G P 

246583 

73 

9 0 

8 2 

v7) 

P M 

256818 

56 

13 4 

r? 0 

(8) 

M M 

247587 

57 

8 6 

7 b 


Histolof,ic Nature 

Orchiectomy 

Apparent Cause 

of Neoplasm 

Days 

of Death 

Adenocarcinoma 

4 

Pulmonary em" 
holism 


9 

Pulmonary em- 
bolism 

Undifferentiated 

10 

Pneumonia Pyo 

carcinoma 


genic arthritis 
of knee 

Adenocarcinoma 

53 

Cerebral apoplexy 

Undifferentiated 

193 

Lobarpneumonia 

carcinoma 


Carcinomatosis 

Undifferentiated 

234 

Carcinomatosis 

carcinoma 

Undifferentiated 

332 

Carcinomatosis 

carcinoma 


500 

Carcinomatosis 



Fig 4 — M C (n pntient of Dr S Grant) Me 
tnstntic -idenocarcinonn of the prostate 111 inguinal nodes on 
the left the same region 107 dajs after orchiectonn is shoun 
on the right 


toms, acidi and alkaline phos- 
phatase values of serum are m 
or neai the normal range, 
theie has been complete or 
paitial lesolution of loentgen- 
ogiaphic evidence of osseous 
metastases, and a great de- 
ciease in size and in the stony 
consistency of the piimaiy 
neoplasm on lectal examina- 
tion In foul patients, exten- 
sive osseous metastases have 
completely disappeaied, as de- 
termined 1 oentgenographic- 
ally (Figs 1,2 and 3) 

Thus, it is deal that there 
ai e many failures in the ti eat- 
ment of piostatic cancel by 
01 chiectomy 


THE “failure C»i.SES” FOLLOWING ORCHIECTOMY FOR FROST ATIC CANCER 
The following obseivations weie made in those patients in ivhom oichiec- 
toni} did not produce marked resolution of the neoplasm 01 in ivhom clinical 
impiovement was not long sustained 

(i) TJic Histologic Natwe of the Titinoi — Sections of the piostate gland 
were studied in 16 patients and it w^as found that a coi relation could be made 
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with the clinical couise following orchiectom}^ Cytologically, the tumois 
weie classified into two gioups (a) Adenocarcinoma wheie the tumoi formed 
acini (Fig 5) All of these tumois weie in Giades II oi III (b) Undiffer- 
entiated caicmoma wheie tubulai structuie was not fabiicated but the tumor 
piesented solid masses ot malignant cells (Fig 7) The clinical course fol- 
lowing oichiectomy could be 1 elated easil}^ to the cellulai pattern Without 
exception the tumoi uas undiffeientiated 111 all of those patients who died 
fiom caicmoma, while it was adenocarcinoma in those patients whose couise 
was satisfactoiy (Figs 4-6) Classification of the tumois into adenocaici- 
noma and undiffeientiated caicmoma, therefoie, seems to have meaning al- 
though the types mterdigitate Both undiffeientiated caicmoma and adeno- 
caicinoma contained laige amounts of acid phosphatase and are legaided as 


Fig s 



Fig 6 Tie ^ 

Fig 5 — M C Metastntic prostutic adenocarcinoma, Grade II m in 
giiinal Ijniph node before orchiectonij 

Fig 6 — M C An inguinal l>mph node 107 da^s follo\\ing bilateral 
orcbiectomy There has been a marked decrease in the size of the acini i\hich 
contain little or no secretion and an increase of connectire tissue stroma 
There are areas of connectne tissue scarring containing slits occupied bv 
pjknotic and fused cellular nuclei 

Fic 7 — Undiffeientiated carcinoma of the prostate stained b\ the method 
of Gomori for acid phosphatase 


cancels of adult piostatic epithelium, since the foimation of large amounts of 
acid phosphatase m the piostate is a secondai}'^ sex chai acteristic of a chemical 
nature Foi pui poses of prognosis, it is impossilile to distinguish between 
them by studying the seium phosphatases since botli may cause elevation of 
acid phosphatase when they have metastasized 
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(2) The Size oj the Testis — Three of the patients who died of carcinoma 
had testes which, considered singly, weighed 8-10 Gm at operation The 
smallness of the testis is due to a decrease of germinal epithelium, although 
sheets of Leydig cells remain The presence of testes, markedly lighter than 
the normal weight of about 20 Gm , is a bad prognostic sign Atrophy of 
germinal epithelium with real or apparent hypertrophy of the interstitial cells 
IS not confined to pi ostatic cancer Sand and Okkels^” observed gi ave desti uc- 
tion of tubulai epithelium m 24 instances m 72 cases of men dying from acci- 
dental causes or sterilized by law 

(3) Deciease of the Pumaty Neoplasm when the Metastases aie Pio- 
ducing a Fatal Cai cinomatosts — It was observed in certain of the failure cases 
that the primary tumor greatly decreased m size while the metastases were 
advancing to produce serious illness, such as spinal cord compression (two 
cases) or even fatal carcinomatosis This strange phenomenon, m which the 
hard, and more or less enlarged, prostate gland — at times gieatly enlarged — 
underwent a decrease m size and hardness so that the prostate was completely 
soft and very small, was obseived five times m the presence of the advancing 
neoplastic process elsewhere m the body It appears that m certain patients 
the site of prostatic cancer m bone marrow or lymph nodes as metastasis is 
more favorable than the original prostatic location , it is possible that adjacent 
maciophages may facilitate separation of essential foodstuffs, such as andro- 
gens, fiom the body fluids for the improved nutrition of the cancerous 
metastases 

In other patients m the failuie group, slight or no decrease m size of the 
primary neoplasm occurred, and here the prognosis is bad Therefore, m 
advanced jirostatic cancer when the primary tumoi has undergone marked 
atrophy, one cannot say merely from atrophy of tne primary tumoi , as deter- 
mined bv local examination, that the course of the disease is favorable 

(4) Supplemented Estiogen AdmimsUaUon in PostcasUation Failure — 
It was shown In Huggins and Clark® that m dogs estiogen admmistiation m 
adequate dosage masks the stimulating effect on the prostate of injected 
androgens, it was further demonstiated m this laboratory®-'^ that estrogen 
has a beneficial effect at times m prostatic cancer Accordingly diethylstil- 
bestrol 1-3 mg daily by mouth, was administered to ten patients with ad- 
vanced pi ostatic cancer, who had an unsatisfactory response to castration 
In one patient, there was a slight reduction of serum acid phosphatase but 
not to the normal range ‘ In nine patients, the disease was not perceptibly 
influenced It seems that estrogen is able to neutralize to some extent the 
physiologic propel ties of the testis androgens, such as testosterone, but not 
to neutralize the effect of the adrenal androgens It is believed that estrogen 
does not usefully supplement orchiectomy in prostatic cancer 

(5) ^ot Flashes A Favor able Pi agnostic Sign — The presence of severe 
hot flashes nas seen in all of the cases favorably influenced by orchiectomy, 
but also 111 certain of the unfavorable cases These vasomotor incidents are 
not believed to be of therapeutic importance but ai e taken as a sign of androgen- 
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estrogen deficiency and are usually of favorable prognostic importance Thei e 
IS no contraindication to their suppression with small doses of estrogen as 
described by Huggins, Stevens, and Hodges ® 

THE EFFECT OF IRRADIATION OF THE TESTES IN ADVANCED PROSTATIC CANCER 
Data were obtained on two patients m whom roentgenotherapy was applied 
both to the pelvis and testes The clinical course following irradiation was 
similar m each 

CASE REPORTS 

Case I — Hospital No 269674 F M , age 47, complained of perineal pain radiating 
into the right leg, and rectal examination disclosed a large indurated cancer of the pros- 
tate, which on biopsy was found to be an adenocarcinoma. Grade H Four months after 
the onset of symptoms irradiation was applied to the pelvis over 55 days, according to 
the following formula 800 KV , 10 Ma , Filtration, i Mm Pb , i 56 Mm Sn , 2 62 Mm Cu , 
3 Mm Al, portals 15X20 cm , tube distance 70 cm , F S D 250 roentgen units, duration 
of each treatment 7 S minutes , ten treatments each to anterior and posterior right hip 
region and ten treatments each to anterior and posterior pelvis There was symptomatic 
relief for two months when symptoms recurred and a second series of treatments were 
given through a 20X30 cm portal , eight treatments to anterior and seven to posterior 
pelvis , the testes were not screened during the second course of treatments Relief of 
symptoms occurred for about six weeks 

Eighty-seven days following the completion of therapy the original symptoms had 
returned and the patient used canes for walking On rectal examination, the prostate was 
nodular, greatly enlarged and of stony consistency, a roentgenogram showed osteoplastic 
metastases in the right side of the pelvis Orchiectomy was then performed, the testes 
weighed 157 and 16 3 Gm 

Case 2 — H J (ref by Dr C C Moore, Pittsburgh), age 63, complained of pain 
m the lower back and m the right leg, clinical and biopsy examinations of the prostate 
gland revealed carcinoma, and there was roentgenographic evidence of metastases m the 
spine Roentgenotherapy was administered as follows In a seven-day period, he received 
a total dosage of 1,600 roentgen units to each of four portals cross-firing the prostate gland 
given at the rate of 200 r to each of two anterior portals daily with fields 16X19 cm in 
size (200 K V constant potential , 0 5 Mm Cu, 2 Mm Al Filtration added) The testes 
were protected in the usual way with lead rubber but undoubtedly received “back-scat- 
tering” of radiation m this series A second irradiation was given six months later, 
without lead rubber protection, and the patient received 1,000 roentgen units measured m 
air, to each of four portals using a field 18X21 cm in size with the application of 100-200 r 
daily without screening of the testes The patient failed to improve from this regimen 
and the prostate gland remained hard and nodular, so that bilateral orchiectomy was per- 
formed three months later The operation was followed by a relief of symptoms and 
decrease in the size and consistency of the prostate gland 

The testes m each case presented similar cytologic characteristics, namely, 
profound atiophy of the germinal epithelium with preservation of Sertoli cells 
and apparent or real hyperplasia of tlie Leydig cells (Fig 8) 

The histologic appearance of the testis following irradiation 111 man corre- 
sponds to data obtained 111 experimental animals Bourg^ in the immature rat 
found that 1,000 roentgen units destroyed the seminiferous epithelium, but 
left interstitial cells intact Heald, Beard, and Lyons- found in rats that an 
irradiation dosage of 1,152-4,608 roentgen units left the Leydig cells m a 
functional condition Hu and Frazier^ subjected rabbits to a series of ex- 
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posuies to loentgen ray, aggiegating 2,268 loentgeii units (44 eiythema skin 
doses) ovei a period of 15 days and pioduced complete atiophy of the geiminal 
epithelium without inteiference with the secietory functions of the testes 

It is thus apparent that loentgen ray niadiation, 111 the amounts stated, is 
ineffective m destroying the secietory function of the testes and is inadequate 
as a therapeutic agent m pi ostatic cancel in man 



T'G 8 — r M (Hospital No 269679) Histolopic appearance of the 
testis 87 (la>s lollowing completion of extensue irradiation %\ith roentgen raj 
The dosage is described in the text Note tubular atroph> Mith preserta 
tion of interstitial cells 


SUMMART AND CONCLUSIONS 

111 a senes of 45 consecutive patients with advanced pi ostatic cancer, 
111 whom the piimaiy tieatment i\as bilateial oichiectomy, theie were eight 
deaths, all m men with metastasis to bones , m four of tliese, caicmomatosis was 
the principal cause of death In hve men, castiation caused no clinical im- 
piovement, m nine patients there was temporal y impiovement, and in 31 
cases a sustained inhibition of the disease occuiied, lasting at least as long 
as 30 months 

The tumois weie classified according to their cytologic appearance into 
two gi oups adenocai ciiioma and undifferentiated cai cmoma All of the deaths 
from carcinomatosis and the patients with no 01 slight impiovement after 
orchiectomy had undifferentiated cai cmoma, while in the moie satisfactoiy 
cases the c}tologic appeal ance was adenocarcinoma The findings of testes 
much lighter than the usual weight of 20 Gm signified a poor piognosis 

A phenomenon of mtei est, in which a great deci ease occurred m the size of 
the piimaiy neoplasm, while the metastases vere advancing, was obseived five 
times in this senes 

Estiogen administiation was not found to be a useful supplement in the 
failure cases aftei orchiectomy 

Roentgen iriadiation of the testes in the doses stated, produced atiophy of 
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the geiminal epithelium, but not of the inteistitial cells of the testis, and is in- 
adequate as a thei apeutic agent in human pi ostatic cancel 

Discussion — Dr Evarts A Graham (St Louis Mo ) I nsc only because 
Doctor Phemister asked me to stick my neck out I do not know anything about the 
prostate of course, but I do want to say that I am delighted to have this work presented 
here I have been hearing about it I think it is the sort of presentation that the Ameri- 
can Surgical Association needs more of 

The apology which I made in getting to my feet about the fact that I knew nothing 
about the prostate was meant to emphasize another point about this Association The 
Association up until a few years ago was degenerating may I say into an organization 
which had only so-called general surgeons in it I do not know whether you can de- 
generate into a general surgeon or not At about that time it was felt desirable that 
the membership of the Association be leavened somewhat by adding to it some of those 
men who had gone off into specialties of various kinds Now some of us who went off 
into thoracic surgery already had our membership in this Association, so nothing could 
be done about us But an attempt was made to add new life to the Association by adding 
such people as Doctor Huggins and I think the fact that that was done has been amply 
justified by his splendid presentation to-day 

I think this has another very important bearing and that is to my mind, it repre- 
sents an approach to the subject to the problem of cancer which is of interest of course 
to so-called general surgeons the same as to anyone else We are particularly fortunate in 
having a paper of this sort dealing with the subject of cancer in a broad aspect like this 

There are one or two specific points to which I would like to refer Doctor Huggins 
did not have time to go into the historic aspects of this question, but castration for 
cancer of the prostate is a very old idea If I am not mistaken I think Bland-Sutton 
advocated it in the eighties but it was given up, and it has been taken up since then by 
others and dropped after one or two experiences 

It was partly on the basis of the early results obtained in cancer of the prostate after 
orchiectomy that the effort was made to treat cancer of the breast by removal of the 
ovaries and the same sort of thing has happened again, namely, that after a little experi- 
ence it has been dropped But there have been sufficiently interesting results accumulated 
to make this app'-oach at least one of great interest to the study of certain types of cancer 

Of course Doctor Huggins has carried the procedure very much farther by applying 
new knowledge new fundamental knowledge about cancer of the prostate and about the 
acid and alkaline phosphates to the rationality of the idea of orchiectomy But all in all 
from every possible point of view from which one regards this work one can only com 
mend it to the highest degree 

Dr Alfred Blalock (Baltimore, Md ) As a member of the Program Com- 
mittee I would like to express our appreciation for this paper and comment on one or 
two things Doctor Graham has said 

In the first place Doctor Huggins was a general surgeon who later developed a 
particular interest in genito-unnary surgery But the main thing I want to say is this, 
that he demonstrates in this work I think the value of a prepared mind Doctor Graham 
made the comment that the testicles were removed in a few instances many years ago for 
this lesion, but Doctor Huggins came across this because of the fundamental nature of his 
work in other fields Many of you know of the notable contributions he has made to 
the study of bone It was because of that information that he was able to grasp the 
significance of these findings on acid phosphates and to apply them to the treatment of 
this disease 

Having visited m Doctor Phemister s clinic and having seen Doctor Huggins’ cases, 
I can tell those of you who have not seen them that I am sure you will be perfectly 
amazed 

As Doctor Graham has said, if a real contribution is made in cancer in any one 
field such as Doctor Huggins has made at least it raises our hopes of being able to find 
out something about cancer in other parts of the body 
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I think that we as an Association should he very happy in having this excellent 
work presented here 

Dr William Jason MIXTER (Boston, Mass ) I simply wish to say that we have 
had one such case at the Massachusetts General Hospital that I know of, treated in this 
way, a case of carcinoma of the prostate with metastasis to the spine, and with very 
severe pain, that I operated upon for cord compression Roentgenotherapy did not work 
very well, and orchiectomy seems to have done a very good piece of work 

Dr Charles Huggins (dosing) I am highly flattered, and very much embar- 
rassed, by the kind remarks of Doctor Graham and Doctor Blalock I would like to make 
just a few comments on the matter of the history of orchiectomy for carcinoma of the 
prostate I believe the only person who knowingly, operated to remove the testes for 
carcinoma of the prostate was Dr Hugh Young, who did this in two patients, with 
negative results It is unfortunate that his cases apparently were not of that type which 
responds well 

The wave of operations that has been mentioned for removal of the testes for 
prostatic conditions I believe has been confined otherwise to benign prostatic hypertrophy 

With regard to the breast, I am on very uncertain grounds because I think it is 
extremely unwise to carry over data from one cancer to another cancer We do know that 
in the case of the breast this structure is affected by two hormones one estrogen, from 
the ovary the other prolactin from the pituitary If it is a prolactin tumor, then 
ovariectomy would obviously be a suitable procedure I think we have fallen into one 
error lately and that is to treat patients who are still menstruating with cancer of the 
breast by roentgenotherapy of the ovaries Certainly it is impossible to eliminate the 
interstitial cells of the breist by roentgenotherapy of the ovaries, and I think it is extremely 
likely that the bad results that aie obtained in the breast cancer at the present time by 
attempting to modify the endocrine state are due to the use of roentgen ray I strongly 
feel that surgical ovariectomy should be performed m patients with advanced cancer of 
the breast with metastasis who are in the menstrual age rather than irradiation 
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